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This is NASA 


Twenty years ago. on October 1 1958 
the National Aeronautics and Space 
Administration became an independent 
civilian agency under the Executive 
Department of the Federal govern- 
ment Its predecessor was the National 
Advisory Committee for Aeronautics 
created March 3. 1915, by President 
Woodrow Wilson NACA. as if was 
known before being absorbed by 
NASA was the product of far-sighted 
men who were concerned about the 
nation s then-primitive state of aviation 
technology as the nations of Europe 
were moving ahead with the aircraft 
as a weapon for World War I At Kitty 
Ha.vk, NC. on December 17. 1903. 
the Wright Brothers of Dayton. OH, 
had flown their flimsy— but powered 
and heavier-than-air— machine to put 
the U S m front in aeronautics NACA s 
immediate task was to survey the state 
of the art and put the U S in front 
again The Army and Navy stepped up 
research and development and NACA 
built its first research center. Langley, 
at Hampton. VA delayed by World 
War I until 1920. as the first facility of 
the government to coordinate aero- 
nautical research in the civil and mili- 
tary sectors NACA, along with other 
concerned government and private 
agencies, was doing its job impres- 
sively But it, with the rest of the world, 
was jolted on October 4. 1957. when 
the Soviet Union successfully orbited 
Sputnik 1 The U S was already en- 
gaged in jetrocket research But it was 
not until January 31. 1958. that the 
U S successfully placed Explorer 1 in 
Earth orbit With a payload of 14 kilo- 
grams, Explorer 1 nonetheless re- 
vealed. through an experiment aboard, 
the existence of a dense belt of radia- 
tion around the Earth at 965 kilometers 
altitude— the Van Allen belt 
Meanwhile, in those tense months, 
both consensus and competition had 
been forming on the political front: 
consensus that a national augmented 
space program was essential, compe- 
tition as to who would run such a pro- 
gram. in what form, with what pnor- 
ities The Department of Defense, with 
its component military services, was 
an obvious front runner The Atomic 
Energy Commission, alreany working 
with nuclear warheads ana nuclear 


propulsion, had some congressional 
support, particularly m the Joint Com- 
mittee on Atomic Energy And there 
was NACA 

NACA had devoted more and more 
of its facilities, bjdget, and expertise 
to missile research in the mid and late 
1950 s Under the skillful leadership 
of James H Doolittle. Chairman, and 
Hugh L Dr\ den. Director, the strong 
NACA research team had come up 
with a solid, long-term, scientifically 
based proposal for a blend of aero- 
nautic and space research Its concept 
for manned spaceflight, for example, 
envisioned a ballistic-shaped space- 
craft with a blunt reentry shape, backed 
by a world-encircling tracking system, 
and eouipped with dual automatic and 
manual controls that would enable 
the astronaut gradually to take over 
more and more of the flying of his 
spacecraft Also. NACA offered re- 
assuring experience of long close 
working relationships with the military 
services in solving their research 
problems, while at the same time trans- 
lating the research into civil applica- 
tions But NACA s gi test political 
asset was its peaceful, research- 


oriented image President Eisenhov er 
and Senator Johnson and others in 
Congress were united in wanting above 
all to avoid projecting cold-war ten- 
sions into the new arena of outer space 
By March 1958 the consensus iri 
Washington had jelled The Adminis- 
tration position— largely credited to 
James R Killian, in the new post of 
Presuent s Special Assistan* for Sci- 
ence and Technology— the findings of 
Senator Johnson s Preparedness Sub- 
committee. and the NACA proposal 
converged America needed a national 
space program The military com- 
ponent would of course be under DOD 
But a civil component, lodged in a new 
agency technologically and scien- 
tifically based, would pick up certain 
of the existing space projects and 
forge an expanded program of space 
exploration in close concert with the 
military All these concepts fed into 
draft legislation On April 2 1958. the 
Administration bill for establishing a 
National Aeronautics and Space 
Agency was submitted to Congress, 
both Houses had already established 
select space committees debate en- 
sued, a number of lefinements were 
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introduced. mostly by (then Senate 
Majority Leader) Lyndon B Johnson, 
and on July 29, 1958, President Eisen- 
hower signed into law PL 85-568. the 
National Aeronautics and Space Act 
of 1958 

The Act established a broad charter 
for civilian aeronautical and space 
research, with unique requirements 
for dissemination of information, ab- 
sorbed the existing NACA into the new 
organization as its nucleus, and em- 
powered broad transfers from other 
government programs 

In August President Eisenhower had 
nominated T Keith Glennan. President 
of Case Institute of Technology and 
former Commissioner of the Atomic 
Energy Commission, to be the first 
Administrator of the new organization. 
NASA, and Dryden to be Deputy Ad- 
ministrator Quickly confirmed by the 
Senate, they were sworn in on August 
19 Glennan reviewed the planning 
efforts, approved most Talks with the 
Advanced Research Projects Agency 
(ARPA) identified the military space 
programs that were space-science 
oriented and obvious transfers to the 


new agency A site was chosen —two 
square kilometers of the Department 
of Agriculture s research center in 
Maryland In March 1961 the Robert 
H Goddard Space Flight Center 
(named for America s rocket pioneer) 
was dedicated in Greenbelt. MD 
NASA was on the move 

Retrospect -20 Years ot NASA 

Where has NASA taken us? From the 
thin ribbon of Earth s atmosphere to 
the edge of the solar system since its 
inception October 1. 1958 The Moon. 
Mars. Venus. Jupiter, Saturn be.ng ex- 
plored Pulsars, quasars, black holes— 
all stunning clues to the lifestyle of the 
Universe Solar flares, the solar corona, 
the internal structure of the Sun. all of 
which have put new light on research 
to harness energy on Earth Quieter 
aircraft engines, the supercritical wing, 
economies in fuel consumption of air- 
craft Vast improvements in worldwide 
communications, weather prediction, 
crop inventories, improved knowledge 
of oceanic ice movements, of fish mi- 
grations. of urban development, of 


broad patterns of geological formations 
relating to mineral deposits and earth- 
quakes An exoanded industrial and 
university capacity for high-caliber 
research and development, high-per- 
formance workmanship these are 
some of the returns from the nation s 
investment in a civilian aeronautics 
and space program undertaken two 
decades ago 

Beyond these returns, which ones 
are the most noteworthy of the less 
tangible but nonetheless real returns 
on the taxpayers dollars? The inter- 
national space program, with more 
than 80 nations involved in mutually 
beneficial aerospace projects? The 
joint Soviet-American Apollo-Soyuz 
flight which, for the time at least, 
straightened the tortuous path of 
detente by its irrefutable need for. and 
achievement of, significant coopera- 
tion? The longer-term import of new 
insights from space sciences on origins 
of spacecraft Earth, its mineral and 
energy resources, the fragility of its 
thin atmospheric envelope? 

And beyond the present and near 
future, what of the historical lessons? 
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VVhpto el st in the twentieth-century 
history of our nation is more clearly 
encapsulated our dangerous national 
t'.nt of international rouletto-of a 
deep-seated complacency that can be 
SfHffr*!®* on| v by extreme challenge 
1 and ,ht ’ ,0 o->ate founding 
of NACA. World War II and the belated 
threefold expansion of NACA the Cole 
Wcr and scrambling from behind to 
NASA and Apollo? 


The course of history tells us that 
new truths once exposed, defy turning 
back the clock The door to aeronautics 
and space has been opened It can no 
more be slammed shut than could the 
door opened by Gutenbeig s punting 
pressor by gunpowder by Galileos 
telescope* or by the steam engine, by 
Pasteur s microorganism discoveries 
oi by the unleashing of nuclear energy 
History impartially muses who will 
have the vision and steadfastness of 


purpose to make the most •! this newlv 
opened door ? 

ia/ what of long-term qustiens 7 
Will peaceful space competition prove 
to be a consti uctive alternative to war 
on Earth - ? Will space settlement be the 
eventual answer to overpopulation and 
depletion of the fragile planet Earth - ? 
Are there super-civilizations in the 
outer reaches of the Universe who can 
teach eaithlings how to resolve their 
conflicts'? 

In all humility, only one finding is 
certain: our first faltering steps into 
space have reaped incalculable, un- 
foreseen rewards Future possibilities 
are as limitless as man s enterprise 
chooses to venture 


Federal Research and 
Development, FY 1980 


Obligations for the conduct of all R&D. 
including basic research, are expected 
to total S30 6 billion in 1980. an in- 
crease of S 1 2 billion or 4 2‘ over 
19(9 Outlays foi all R&D are estimated 
to be about $29 7 billion, about $2 1 
billion or < 6 , over 1979 Obligations 
for the conduct of R&D in the National 
Aeronautics and Space Administration 
are estimated to total $4 5 billion in 
1980. S 148 million over 1979 There 
will also be a supplemental outlay of 
S 163 2 million to handle the increased 
cost of the Shuttle 



Where is NASA in 1979? 


As we approach the 1980 s NASA finds 
itself an established, mature govern- 
ment agency contributing importantly 
and increasingly to the national welfare 
The dramatic and spectacularly suc- 
cessful manned space flights to the 
Moon and near space are history- 
proud history indeed for our country 
and mankind— and our agency has 
settled down to a steady pursuit of 
challenging but realistic goals in the 
atmosphere and in space Where we 
were at one time our own primary 
customer, we have become an imagi- 
native. useful agency providing unique 
and needed services to other govern- 
ment organizations, to industry, to the 
scientific community, to the public 
to other nations, and in fact to all 
humanity 

Bui this transition does not make our 
work any less exciting In the tradition 
we weie born to. we continue to ex- 
pand the frontiers of technology and 
human knowledge for the benefit of 
everyone 

In aeronautics, progress in aerody- 
namics, composite materials, advanced 
engine technology and control systems 
holds gieat promise These develop- 
ments may well lead to 50"., fuel 
savings for airliners, to vertical and 
short take-off and landing aircraft with 
efficient, clean, quiet engines and to 
environmentally acceptable supersonic 
air travel at reasonable cost 
Greatly improved Earth observation 
systems and communications satel- 


lites are providing a wide range of 
direct benefits from more economical 
and efficient worldwide communica- 
tions to more accurate weather warning 
and forecasting, and natural resources 
discovery and inventory 
Our planetary probes are searching 
out the secrets of the solar system in 
perhaps the greatest scientific ad- 
venture of all time Simultaneously, 
space-based observations platforms 
are sweepmg the i mverse with their 
sensors .»>■( viding unprecedented new 
data which bears directly on the cre- 
ation and evolution of matte, and 
energy and the place of Earth and 
humanity in the cosmos 
And the future is as promising as the 
present, with new aeronautical re- 
search facilities becoming available to 
he'p us keep aircraft made in Amer- 
ica dominant on the airways of the 
world, with the Space Shuttle ap- 
proaching the operational status which 
will give us frequent, easy and eco- 
nomical access to space for all pur- 
poses. with the Space Telescope per- 
mitting us to see back almost to the 
beginning of time, with our planetary 
probes contributing new information 
from afar with the Landsat satellite 
senes expanding our knowledge of our 
own planet and its resources, and with 
the technological advances derived 
from research on these programs being 
systematically transfer red to every 
sector of our society 
Beyond our new horizons in aero- 
nautics and m space lies a better life 
for the people of this planet 
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NASAf 


u, AS i A Hea dquarters 
Washington D C 

^ 00fd,na " on and control of 
• A programs die vested in Hnari 
quarters Directors of NASA s F.Hd 
Ct nters and other installations do 
' sponsible for execution of NASA s 
P ograms largely through contracYs 
« . ' tseaf ch development and manu- 
facturing enterprises A broad range 
L rest ’arch ano development activities 
are Conducted ,n NASA s iristalS.ons 
by government-employed scientists 
engineers, and technicians to evaluate 

S2S? 8 ** phen °™« and to 
maintain the competence reauired to 

mamige contracts with private enter- 

oiNA^r 3 direction and management 
oi NASA s research and development 
Programs are the responsibiKf he 
Program offices which iepon to anS 
receive overall guidance and direction 
from, the Associate Administrator The 
overall planning and direction of opera 
hons a. the 10 Field Centers and ST 
National Space Technology Labora- 
tories and management agency wide 

SS v oHho l A e8t>UrCes are the response 

A brief descr.pt.on of the responsi- 
bilities of the program officer follows 

Aeronautics and Sp ace Technology 

T. w ? f .' Ce ° f Aoionautics and Space 
Technology is responsible for the aero- 
nautical and space research and tech- 

or m l Pr °, 0ramS Th ° ae, onautics pro- 
gram develops the technology needed 

wassuresafe, mweWaenLZ 

nomica! and environmentally accept- 
able air transportation systems which 
‘ e rLSp °osive to national needs The 
space research and technology pro- 
gram provides a technology base to 
support current and future space ac- 
This office is also responsible 
coordinating the agency s total 
taU* 1 ’ 3 ? 1 of supporting research and 
technology related to carrying out 
specific flight missions to insure an J ' 

integrated and balanced agency re- 
search program This office also is 
responsible for coordinating NASA « 
support of other federal agencies in 
nergy research and development 


Applications ot Space Research 

The Office of Space and Terrestrial 

sXzzxsxsg, 

foWMn, ocean cor«* ton ^55? 

g < d forecasting environmental 
quality mon, tor, ng weathei and cli- 
mate observation and forecasting com- 

to theneno ''‘ ,ns,er of technology 
to the non-government sector JY 

Space Transportation 

The Off IC e of Space Transportation 

respons( ble for the re- 
sftS fl.ahr n 0 ^ 10 ' 1 ' and °Perat,ons of 

lab tnd fJ5l ISable ve bicle. and Space- 
an ? experiments payload carrier 
& r elored ^ the European 
Space Agency iESA’ The Space 
rans^ortation Systems Office also his 

Space Science * 

ti 

Tht Office of Space Sciences is re- 1' 
sponsible for scientific tesearch and 
deveioomen, an, vines using a J™,, ° 
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of flight systems and ground-based 
Se of'the 5 '° ,nc,ea#e man » knowl- 

space IK Plan ° ,S iiv 

space, other stars and galaxies and 

anV « ,e ! aCt ' 0n amon 9 thPse bodies 
and systems are all ob/ects of these 
investigations The Life Science^ 
gram also > is under the direction of t he 

Office of Space Sciences 

Tracking and Data Acquisition 

The Office of Space and Data Systems 
s responsible for the develop,*™, 
implementation, and operation of mn, 
mg. data acquisition, command com- 
munications. data processing faul° 

,es a nd systems and services reou.r . , 
1o support NASA flight m, ss.ons This 
1 lce a,so Provides centralized pi an 
mng and systems management f of 
administrative communSSSI o, 

NASA installations 
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Hugh L Diyclen Flight Research Cen- 
ter. Edwards. California 935 23: 
General aviation and extremely high- 
performance aircraft and spacecraft 
flight operations and flight systems, 
structural characteristics of aeronauti- 
cal and space vehicles 

Goddard Space Flight Center. Green- 
belt. Maryland 20771: 

Scientific research in space with un- 
manned satellites, research and de- 
velopment of meteorological and com- 
munications satellites, tracking and 
data acquisition operations 

Jet Propulsion Laboratory. Pasadena. 
California 91 103 

(Operated under contract by the Cali- 
fornia Institute of Technology): Deep 
space, lunar and interplanetary space- 
craft, operation oi related tracking and 
data acquisition systems 

Lyndon B Johnson Space Center. 
Houston. Texas 77058 
Research and development of manned 
spacecraft system, development of 
astronaut and crew life support 
systems, development and integration 
of experiments for space flight activi- 
ties: application of space technology, 
and supporting scientific, engineering, 
and medical research 

John F. Kenneay Space Center. Florida 
32899 

Provision of supporting activities for 
the major launcfimgs. preparation and 
integration of space vehicles, collab- 
oration with elements of the Depart- 
ment of Defense as the Eastern Test 
Range and Corps of Engineers to avoid 
unnecessary duplication of launch 
facilities, services, and capabilities 

Langley Research Center. Hampton. 
Virginia 23665: 

Aeronautical and space structures and 
materials, advanced concepts and 
technology for future aircraft, aero- 
dynamics of re-entry vehicles, space 
environmental physics, improved 
supersonic flight capabilities 

Lewis Research Center. Cleveland. 

Ohio 44 135: 

Power plants and propulsion, high 
energy propellants, electric propulsion, 
aircraft engine noise reduction, engine 
pollution reduction, data bank of re- 


search information in aerospace safety 

George C Marshall Spaco Flight Cen- 
ter. Alabama 35812 
Research and development of launch 
vehicles and systems to launch ve- 
hicles and systems to launch manned 
and unmanned spacecraft, d« alop- 
ment and integration of payloads and 
experiments for assigned space flight 
activities, application of space tech- 
nology and supporting scientific and 
engineering research 

Na' mal Space Technology Labora- 
tories. Bay St Louis. Missis- 
sippi 39520 

Static test firing of large s aace and 
launch vehicle engines, aiso houses 
certain environmental research and 
earth resources activities of NASA and 
othe' governmental agencies, with 
emphasis on the use ot space technol- 
ogy and associated managerial and 
technical disciplines 

Wallops Flight Center. Wallops Island. 
Virginia 23337 

Launch facilities and services for othe' 
NASA installations which conduct sub- 
orbital. orbital, and space probe experi- 
ments with vehicles ranging from small 
rockets to the Scout four-stage solid 
fuel rocket Development of techniques 
for collection and processing of ex- 
perimental data 


Visitor Information-NASA Centers 


Ames Research Center 

Tour Information 

Public Affairs Office. Ames Research 
Center. Moffett Field. CA 94035. Area 
Code 415. 965-5091 . extension 2671 

Tours: 

Only for previously scheduled tour 
groups ot an educational or profession- 
al category Tours are prearranged, 

8 a m to 4:30 pm. Monday through 
Friday Tours are guided 

Mode of Travel: 

Walking, auto or bus. depending on 
what is furnished by tour group 

Advance Notice: 

One month, varies 


Points ol Interest 

Wind tunnels simulators, life sciences 
and space sciences labs, aircraft 
machine shops and others involving 
the crafts 

Other Pertinent Information: 

Students should be third-grade or 
above Cameras are permitted 


Hugh L Dryden Flight Research Center 

Tour Information: 

Public Affairs Office. Dryden Flight 
Research Center P O Box 273 Ed- 
wards CA 93523. Area Code 805. 
258-3311. extension 221 

Tours: 

7.30 a m to 4 p m , Monday through 
Friday Tours are guided 

Mode ot Travel 
On foot 

Advance Notice: 

Advance request 

Points oi .nterest: 

Restricted to the main hangar 

Other Pertinent Information . 

Cameras are permitted 

Goddard Space Flight Center 

Tour Information: 

Write to Public Affairs Office. Director. 
GSFC Greenbelt. MD 20771 
Other Information: 

Special Programs Office. Area Code 
301 -344-8101 

Tours: 

Begin at ’0am and/or 1pm. Monaay 
through Friday Occasional Saturday 
tours at 10 a m Tours preceded by 20- 
mmute orientation and short films 
Tours are guided 

Mode of Travel: 

Normally buses provided by visiting 
groups used for transportation between 
buildings 

Advance Notice: 

Tours scheduled on advanced arrange- 
ment basis 



Points of Interest 

Tracking and data systems facilities 
(control centers, communications, 
computers!, test and evaluation area 
(simulation equipment), satellite ex- 
hibit room (full-scale satellites and 
demonstration devices i 

Other Pertinent Information: 

Occasional evening tours scheduled 
for special groups, e g : professional 
societies GSFC does not have a public 
tour program Goddard s program is 
for special-mteres* groups or educa- 
tional groups of sixth-grade level and 
above 

Jet Propulsion Laboratory 

Tour Information: 

Public Affairs Office. Public Educa- 
tional Services. Jet Propulsion Lab- 
oratory. 4800 Oak Grove Drive. Pasa- 
dena, CA 91103. Area Code 213, 
354-5011 or 354-2337 

Tours: 

Available for educational professional, 
and service organizations; 8 a m to 
4 30 p m . Monday through Friday 
The contents of the tours vary with 
the interest groups T ours are guided 

Mode of Travel: 

Bus provided by group or walking 
Advance Notice: 

One month requested All tours are 
prearranged 

Points of Interest: 

Spacecraft exhibit center; features 
hardware, exhibits, films, spacecraft 
assembly facilities, spacecraft opera- 
tions facilities, environmental labs, 
navigational and guidance labs, celes- 
tarium. soil lab. anechoic chamber 

Other Pertinent Information: 

Tours last 2 to 2 1/2 hours and are 
limited to seventh-grade students and 
above. Cameras are permitted 

Lyndon B Johnson Space Center 

Tour Information: 

Public Services Branch, Johnson 
Space Center. Houston. TX 77058. 

Area Code 713. 483-4241 


Tours: 

Reserved guiaed touis Monday 
through Friday of Mission Control 
Center other operating facilities Self- 
guided tours seven days a week of 
exhibit hall, astrotraming facilities, and 
other facilities Open daily except 
Christinas Day. 9am to 4 p m 

Mode of Travel: 

Public may walk or drive through 
Advance Notice 

Reservations required for guided tours 
or special group tours 

Points of Interest: 

Astronaut training facilities. Mission 
Control Center, exhibit hall, film sched- 
ule every 40 minutes 

Other Pertinent Information: 

Cafeteria open to public Souvenir 
stanq 

John F Kennedy Space Center 

Tour Information: 

NASA Tours. Post Office Box 21222. 
Kennedy Space Center, FL 32815 
Area Code 305, 269-3000 

Tours: 

Guided bus tours depart regularly from 
8 a m until two hours before dark daily 
except Christmas day Cameras en- 
couraged Tour covers 50 miles, lasts 
approximately two hours 

Mode of Travel. 

Air conditioned buses are provided by 
TWA Charter buses provided by tour 
groups are welcome Fares are. Adults - 
S2 50. Youths (12-18) - $1 25, Children 
(3 to 1 1 with an adult)-* 50 Student 
groups of 20 or more: through junior 
high $ 50, senior high and other stu- 
dent groups $ 1 00 Charter and con- 
vention groups of 25 or more in their 
buses receive 25% fare reduction 

Advance Notice: 

24 hours lor charter buses requested 
Points of Interest: 

Vehicle Assembly Building. Mission 
Control Center, blockhouse, mobile 
launches and service structure, trans- 
porters, launch pads and launch facil- 
ities. Air Force Museum Visitor Infor- 
mation Center (VIC) Exhibits, films 


lectures, and souvenirs 

Other Pertinent Information: 

The public bus tours of KSC and Cape 
Kennedy are operated by Trans World 
Airlines, contractor to NASA Private 
vehicles are admitted free to drive 
through only on Sunday from 9 a m to 
3pm on a prescribed route 

Langley Research Center 

Tour Information: 

Public Affairs Office. Langley Re- 
seal ch Center. Hampton, VA 23361 
Area Code 804 827-3966 

Tours: 

9am to 4 p m , Tuesday through 
Saturday, noon to 4 pm, Sunday 
Monday and evening by appointment 
Tours are self-guided except for groups 
by appointment 

Mode of Travel: 

Cars or buses provided by visiting 
groups During the period Memorial 
Day to Labor Day also by special bus 
provided through City of Hampton 
Tour 

Advance Notice: 

None, except for Mondays or special 
evening programs 

Points of Interest: 

Visitor Center opened June 8. 1971 
Aeronautical and space exhibits as well 
as selected films and educational pro- 
grams 

Other Pertinent Information: 

Laboratory tours are limited to special 
groups determined by visit objective 
and educational and professional back- 
ground of guests 

Lewis Research Center 

Tour Information: 

Educational Services Office Lewis 
Research Center, Cleveland. OH 
441 J5. Area Code 216. 433-4000, ex- 
tension 731 

Tours: 

9a m to4pm Tuesday- Friday 
Saturday 10 a m to 3 p m Sunday and 
Monday - closed 


Mode ot Travel: 

Cars or buses provided by visiting 
groups 

Points ot Interest 

Visitor Information Center, aeronautics 
and space exhibits films presenta- 
tions and special resource facilities 
for educators only i prior arrangements 
required materials research lab. 10 x 
10 foot supersonic wind tunnel pro- 
pulsion science lab. energy conversion 
lab. various shop facilities, and the 
zero-gravity facility 

Marshall Space Flight Center 

Tour Information 

Public Affairs Office Marshall Space 
Flight Center AL 35812 Area Code 
205. 453-0038 or 453-0040 

Tours: 

Bus tours daily except Christmas Day 
from the t.'ASA Visitor Information 
Center located in the lobby of the Ala- 
bama Space and Rocket Center Hunts- 
ville, AL guided Nominal tee charged 
Group rates available and special rates 
for stuuent groups 

Mode ot Travel 

Tour buses make regular runs Guido 
provided on commercial or school 
group buses 

Advance Notice: 

Contact Alabama Space and Rocket 
Center two weeks in advance for group 
tour No advance notice required for 
individuals or families 

Points of Interest: 

From Alabama Space and :ket 
Center. 1-hour 45-minute tour visits 
test areas and inside laboratories 
Touts visit inside Skylab crew quarters 
full-size high-fidelity mockup, the Neu- 
tral Buoyancy Simulator, full-size 
Space Shuttle mockup area, and solar 
heating and cooling reseaich area 
Marshall Visitor Information Center 
has free access and contains several 
exhibits including a lunar sample, a 
crystal grown in space aboard Skylab 
and the Wernher von Braun room 
From the visitoi center area fees 
charged for access to Alabama Space 
and Rocket Center and for bus tours 


Other Pertinent Intormation 
Special purpose tours of MSFC avail- 
able as determined by scientific and 
professional background of guests 

National Space Technology Labora- 
tories 

Tour Intormation 

National Space Technology Labora- 
tories Public Affairs Office. Bay St 
Louis MS 39520 A. ea Code 601 
688-3341 

Tours: 

10 am to 2 p m Monday through 
Saturday. 1 30 and 3pm Sunday 
Central Control Building open to public 
8am to 4 30 pm iself-guided' Tours 
are guided 

Mode ot Travel: 

Buses 

Advance Notice: 

Uiiv week in advance for special tours 
Points of Interest: 

Saturn V test complex, booster storage 
area flight and test maintenance build- 
ings Navigational lock system Canal 
and barge system Central control 
building contains exhibits, films, and 
observation tower 

Wallops Flight Center 

Tour Intormation: 

Public Affairs Office. Wallops Flight 
Center. Wallops Island. VA 23337. 

Area Code 804. 824-3411 . Extension 
579 or 584 

Tours: 

Between 9am and 4pm Monday 
through Friday by reservation only 
Dur.ng school term for student or 
organized groups and during the sum- 
mer for family groups Tours are 
guided 

Mode of Travel: 

Bus or auto, depending on what is 
furnished by tour group 

Advance Notice: 

Two weeks prior not.ce 

n cints ol Interest: 

Range Control Center, telemetry sta- 
hon, radar tracking site, rocket assem- 


bly and launch facilities blockhouses 
and aeronautical programs exhibit 
area at mam base 

Other Pertinent Intormation 
Tours are tailored to some extern ;o 
size age avel. and interest ci 'iloup 
Shorter tours provided for younger 
children 

Western Test Range 

Tour Information: 

Western Test Range Operations Di- 
vision NASA Public Affairs Office 
Post Office Box 425 Lompoc CA 
Area Code 805 865-3015 

Tours: 

Only for previously arranged groups 
Security checkups are standard as this 
is also a SAC base Tours are guided 

Mode ot Travel: 

Auto or buses provided by NASA 

Advance Notice: 

Several weeks 

Points ol Interest: 

NASA facilities, launch complexes 
support facilities, tracking operations. 
Scout complex blockhouse 


Skylab Reentry 


NASA s Skylab. launched from 
Kennedy Space Center, FL. May 14. 
1973 and occupied for a total of 1 71 
days. 1 3 hours and 1 4 minutes by three 
three-man crews, reentered Earth s 
atmosphere July 11. 1979 The orbiting 
workshop disintegrated at 12:37 p m 
EDT during its 34,981st revolution of 
Earth, scattering its debris over the 
Indian Ocean and Australia s sparsely- 
populated western desert No damage 
to persons or property was reported 
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O«.cool tno While House Press Secretary 
October i » 197s y 


The White House 
Fact Sheet 

U S. Civil Space Policy 


The President announced todav a 
ofu C S°etfnV hSt W "' SOt ,he direction 

decade ?h '? SOaCG CVbr ,he n ext 
decade The policy is the result of a 

four-month interagency review re- 
quested by the President ,n June ,978 

American c il space policy will be 
centered around three tenets 

S y ace pol,cy Wl " reflect a 
balanced strategy of applications, 
science and technology development 
thaTwJ/ 09 essenf,al key elements 

w l ,»h Df ' asl7e space applications thai 
will bring important benefits to our 
understanding of earth resources. 


climate, weather pollution and agri- 
culture and provide for the private 
sector to take an increasing responsi- 
bility in remote sensing and other 

aoplications 

-Emphasize space science and ex- 
Ploration m a manner that retains the 
challenge and excitement and permits 
the nation to retain the vitality of its 
space technology base, yet provides 
short-term flexibility to imcxi-r 
constraints wtv- 

- - warrant 

thi US adv t"‘ a9e of th e flexibility of 
the space shuttle to reduce the cost of 

in space over ,he next 
decades to meet national needs 

-Increase benefits for resources ex- 

technn? ,hrOU9h bet,er in ' e 9 r ation and 
technology transfer among the na'onai 

space programs and through more 
joint projects when appropriate, there- 
y increasing the return on the $100 
S^'H^tment in space to the 
benefit of the American people 


NASA Administra tors. Depu,y and Acling Administrators 

Administrators 


Or. T. Keith Glennan 
Mr. James E. Webb 
Dr Thomas O. Paine ' 

Dr. .’antes C. Fletcher 
Dr. Robert A Frosch 

Deputy Administrators 

Dr. Hugh L. Dryden ** 

Dr Robert C. Seamans. Jr. 
Di. Thomas O. Paine 
Mr. George M. Low 
Dr . A/an M. Lovelace 

Acting Administrators 

Or. Hugh L. Dryden 
Dr. Thomas O. Paine 
Mr George M. Low 
Dr. Alan M. Lovelace 


August 19, 1958 -Jan 20, 1961 
February 14. 1961 -Oct 7. 1968 

^<*21 ’ 969 -Sept 15.1970 
April 2 / 1971 - May 1 1977 
June 21 . 1977 -Present 


August 19, ’958 -Dec 2. 1965 
December 2T 1965 -Jan 5. ,968 
arch 25. 1968 - March 20. 1969 
December 3. 1969 -June 5 1975 
July 2. 1976 -Present 


January 21 1961 -Feb 13. 1961 
October 8. 1 968 - March 20. 1 969 
SePt 16 '970- April 26. 1971 
May 2. 1977 -June 20. 1977 


case although he was smm °* sweann 9 |n Dr Fames 

^i t ^nS'aIir b0 ° aU " ^ a,ready ,aken h ' s 10 'he he^a^' 

”Dr Dryden s resignation date is dale of death 


Assure American scientific and tech- 
nological leadership space for the 
security and welfare of the nation anri 

connnudRSDndcessa^tom'Se 

the basis for later programmatic 
decisions 

-Demonstrate advanced technological 
Capabilities in open and imaginative 
ways having benefit for develop,,! j as 
well as developed countries. 

-hOSlfc. C~Wdrat'0i, Wi**' n a . 

tions by conducing joint prog 101 ',, 3 

-Confirm our support of the continued 
development of a legal regime for 
space that will assure its safe and 
peaceful use for the benefit of mankind 

Second: More and more, space is be- 
commg a P | ac e to work-an extension 
ol our enviror.r :nt. In the future, 
activities will be pursued in space when 
it appears that national objectives can 
most efficiently be met through space 
activities 

Third: It is neither feasible nor neces- 
sary at this time to commit the United 
States to a high-challengo space engi- 
neering initiative comparable to Apollo 
As the resources and manpower re- 
quirements for shuttle development 
chase down, we will have the flexi- 
bility to give greater attention to new 
space applications and exploration 
continue programs at present levels 
or contract them To meet the objec- 
tives specified above, an adequate 
f-ederal budget commitment will be 
made 

Space Applications 

^s a par! of his overall review and in 
accordance with his desire to increase 
emphasis on uses of space for a wide 
variety of practical and economic bene- 
f ts the President made the following 
decisions: 

S< ~" Rln 9 Systems. Since 1972 
he United States has conducted ex- 
perimental civil remote sensing 
through LANDSAT satellites There 
are many successful applications and 
users, including Federal departments 
other nations, a number of states, and 
a growing number of commercial or- 
ganizations The United States will 
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continue to provide data from the de- 
velopmental LANDSAT proyram for all 
classes of users Operational uses of 
data from the experimental system will 
continue to be made by public, private, 
and international users Specific de- 
tails and configurations of the 
LANDSAT system and its management 
and organizational factors will evolve 
over the next several years to arrive 
al the appropiiate technology mix. 
test organizational arrangements, and 
develop the potential to involve the 
private sector 

Integrated Remote Sensing System A 
comprehensive plan covering expected 
technical, programmatic, private sector, 
and institutional arrangements for re- 
mote sensing will be explored NASA 
will chair an interagency task force to 
examine options for integrating current 
and future systems into an integrated 
national system Emphasis will be 
placed on defining and meeting user 
requirements This task force will com- 
plete its review prior to the FY 1981 
budget cycle 

Weather Satellites. Separate opera- 
tional requirements for meteorological 
data over the past two decades have 
led to separate Defense and Com- 
merce s National Oceanic and Atmo- 
spheric Administration iNOAA) weather 
satellites. The Defense community. 
NASA, and NOAA will conduct a re- 
view of meteorological satellite pro- 
grams to determine the degree to 
which these programs might be con- 
solidated in the 1980s and the extent 
to which separate programs supporting 
specialized defense needs should be 
maintained The possibility of inte- 
grated systems for ocean observations 
from space will also be examined 

The Private Sector. Along with other 
appropriate agencies. NASA and Com- 
merce will prepare a plan of action on 
how to encourage private investment 
and direct participation in civil remote 
sensing systems NASA and Commerce 
will be the contacts for the private 
sector on this matter and will analyze 
proposals received before submitting 
to the Policy Review Committee 
(Space) for consideration and action 

Communications Satellite R&D. United 
States leadership in communications 


satellite systems will be supported by 
NASA Selected technological oppor- 
tunities to provide better frequency 
and orbit utilization and other longer- 
term opportunities will be pursued 
Communications Satellite Services 
Some areas of communications ser- 
vices-such as educational and health 
services and basic communications 
services for remote areas involve low- 
vofume and mter.Tmtent use and have 
evidenced little mteres 1 from commei- 
cial satellite operators The Depart- 
ment of Commerces National Telecom- 
munications and Information Adminis- 
tration (NTIA1 will assist in market ag- 
gregation technologv transfer, and 
possib'e development of domestic and 
international public satellite services 
This direction is intended to stimulate 
the aggiegatior, of the public service 
market drawing on the technology 
that is already in existence The 
Agency for International Development 
and Interim will woik with NTIA in 
translating domestic experience in 
public service programs into potential 
programs for lesser-developed coun- 
tries and the remote territories 

Future Applications and Economic 
Activity. It is too early to make a com- 
mitment to the development of a satel- 
lite solar power station or space manu- 
facturing facility due to the uncertainty 
of the technology and economic cost- 
benefits and environmental concerns 
There are. however, very useful inter- 
mediate steps that will allow the de 
velopment and testing of key tech- 
nologies and experience in space in- 
dustrial operations to be gained The 
United States will pursue an evolu- 
tionary program that is directed toward 
assessing n«w options which will be 
reviewed periodically by the Policy 
Review Committee (Space) The evolu- 
tionary program will stress science and 
basic technology— integrated with a 
complementary ground R&D program— 
and will continue to evaluate the rel- 
ative costs and benefits of proposed 
activities 

Space Science and Exploration 

The President reviewed the space 
science and planetary exploration 
program and determined that the 
United States priorities at any given 
time will depend on the promise of 


>he science, the availability of the 
particular technology, and the budget- 
ary situation The United States will 
maintain a position of leadership in 
space science and pl anetary explora 
fion and will: 

-Continue a vigorous program ol 
planetary exploration to understand 
the origin and evolution of the solar 
system The goal in the years ahead is 
to continue the reconnaissance of the 
outer planets and to conduct more de 
tailed exploration of Saturn, its moons 
and its rings; to continue comparative 
studies of the neighboring planets, 
Venus and Mars; amt to conduct recon- 
naissance of comets ar.d asteroids 

Utilize the space telescope and bev- 
flymg satellites to usher in a new ci a 
of astronomy, as we explore interstellar 
molecules quasars. pulsars, and block 
holes to expand our understanding of 
the universe 

—Develop a better understanding of 
the sun and its interaction with the 
terrestrial environment through space 
systems— such as the Solar Maximum 
Mission and the Solar Pc 'ission - 
that will lourney towards th ,.un and 
earth-orbiting satellites that will mea- 
sure the variation in solar output and 
determine the resultant response of 
the earth s atmosphere 

Utilize the space shuttle and space- 
lab, alone and in cooperation with 
other nations, to conduct basic re- 
search that complements earth-based 
life science investigations and human 
physiology research 

Our policy in international space 
cooperation will include two basic 
elements: ( 1 ) to pursue the best 
science available regardless of na- 
tional origin and expand our inter- 
national planning and coordinating 
effort, and (2) to seek cooperative 
support for experiments-spacecraft 
which have been chosen on sound 
scientific cr,teria 

Increased Denefit lot Resources 
Expended 

As a result of the President s review, 
decisions were made that will increase 
the benefit to the United States for 
resources expended 



Stiitfogy 10 Utili ,'//«» Shuttle The 
Administration will nuke incremental 
improvements in the shuttle transport.) 
iten system us they become nrvossury 
t\ visions on extending the shuttle s 
yt.iy time in Of hit and future uppei 
st.ine capabilities ie g the reusable 
W'.uv tug iiriiJ Of txtal tiansti'i vehicle) 
will tie examined in the context et eui 
emerging space piilicy goals An inter 
agency task toice will make recom- 
mendations on wti.it fi.nue capabili- 
ties aie needed This task toice will 
submit the t Hidings le the Policy Rt»- 
view Committee (Space I pnoi to the 
IV 1981 budget cycle 

ItH'hnohyy StMnng I lie Policy Review 
Committee (Space) will take steps to 
enhance technology tiansfei between 
the space sectois I he ob|tvtivo will tie 
to mavimi.-e efficient utilisation ot the 


sectors while maintaining necessary 
security and current management 
relationships 

Backgiouml 

l aily in Iss Administration. the Piesi 
d«'iil directed i National Security Coun- 
cil review ot space policy The emphasis 
was on coherent space principles and 
national space policy and did not deal 
in detail with the long-term obiecttves 
ot out defense commercial, and civil 
programs The leview, completed m 
May 1978, lesulted in a Piesidenti.il 
Directive that set the basic framowoik 
t%’i out civil sp.K e polii \ compti'teit 
last week The President s May 1978 
dinvtive e. iablisl’ed a Policy Review 
Committee (Space' to piovide a toruni 
loi all t ixleral agencies in which to 
advise i'n proposed changes to national 


sp>u e policy and to provide tor rapid 
ieteii.il et issues to the President for 
division T his Commitli v is ch.med by 
th»' DiMvtor of the Office of S lence 
and Technology Policy. Fiank Press i 
JiiiH’ 1978 Hie President directed the 
Pi’licy Review Committee (Space) to 
assess the future needs ot the nations 
civil space program and their report 
foi mod the basts for V policy decisions 
outlined here The following agencies 
and departments participated The Na 
tKMiaf Aeionautics and Space Admmis 
nation Commeice. Interior Agriculture 
Lneuiv State. National S nonce Foun- 
dation Agency lei International Devel- 
opment Defense Diitvtoi of Central 
Intel’ gome. Joint Chiefs of Staff and 
Arms Control and Disarmament Agency 
as well as the Domestic Policy Stall, the 
National Security Council Stall and the 
Office et Management and Budget 



NASA Funding, Personnel Statistics 


NASA Budget Plan 

Research and Development 
Space Tiai ispoi tation Systems 
Space Science 

Space and Terrestiial Applications 
Aeronautical Research and Technology 
Space Research and Technology 
Space Ti ackmg and Data Systems 
Construction of Facilities 
Research and Program Management 

Total Budget Plan 
Total Outlays 


Millions of Dollars 


FY 1979 

FY 1980 

3477 

3602 

2010a 

1904 

505 

602 

284 

344 

264 

300 

112 

1 19 

302 

333 

147 

158 

942b 

965 

4566 

4725 

4404 

4595 


a IWu^Prop,,v,1Supplei'X,M,, ot s 1 85 CX10 000 lor the Spa,-. Shuttle 
i Im lui it's I roposed Supplemental ol $30 900 0iH) lor is.t;g ( 


Pdy \nn 


iVISO 


Estimated Disiubution ot Total Budget Plan 


Johnson Space Center 
K< >nnedy Space Center 
Marshall Space Flight Center 
National Sp ice Technology Laboratories 
Goddard Space Flight Center 
Jet Propulsion Laboratory 
Wallops Flight Center 
Ames Research Center 
Dryden Flight Research Centei 
Langley Research Center 
Lewis Research Center 
NASA i leadquarters 
Various Locations 
Total 


Millions of Dollars 


FY 1979 

FY 1980 

1.297 

1.258 

362 

355 

917 

945 

25 

20 

641 

684 

255 

320 

32 

37 

236 

248 

35 

41 

286 

305 

248 

266 

220 

230 

. 12 

16 

4.5C6 

4.725 


Total Number of Permanent Positions 


Installation End of Year 

Johnson Space Center 
Kennedy Spao < 'enter 
Marshall Space t ght Center 
National Space Technology Laboratories 
Goddard Space Flight Center 
Wallops Right Center 
Ames Research Center 
Dryden Flight Research Centei 
Langley Research Centei 
Lewis Research Center 
NASA Headquarters 
To*?' 


FY 1978 

FY 1979 

FY 1980 

3.532 

3.509 

3,445 

2.179 

2.193 

2.187 

3,760 

3,636 

3.561 

102 

104 

103 

3.575 

3,468 

3.440 

407 

398 

395 

1.669 

1.666 

1.653 

490 

480 

461 

3.071 

3,015 

2.990 

2.921 

2.858 

2.835 

1.531 

1,504 

1 .493 

23.237 

22.831 

72.563 
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Manpower 


.<# j? j? 


Total Contractoi NASA 

Employment Employment Employee 


Total Employment 


June 1960 

46.786 

36 500 

10286 

June 1961 

74.677 

57,500 

17.077 

June 1962 

137.656 

115.500 

22,156 

June 1963 

246 304 

218.400 

27904 

June 1964 

379.084 

347.100 

31 984 

June 1965 

409.900 

376 700 

33.200 

June 1966 

393.924 

360.000 

33.924 

June 1967 

306.926 

273.200 

33.726 

June 1968 

267.871 

235.400 

32.471 

June 1969 

218.345 

186.600 

31.745 

June 1970 

167.803 

136.580 

31.223 

June 19 7 1 

149.609 

121.130 

29 479 

June 1972 

144,968 

117.540 

27.428 

June 1973 

134.055 

108.100 

25.955 

June 1974 

125.054 

100.200 

24 854 

June 1975 

127.733 

103.400 

24 133 

June 1976 

132.039 

108.000 

24.039 

Sept 1977 

124.069 

100.500 

23.569 

Sept 1978 

126.037 

102.800 

23.237 

Sept 1979 

127.537 

104.300 

23.237 

Sept 1980 

124 363 

101.800 

22 563 



Space Shuttle astronauts <n training 


History of the Apollo Program 
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nitial planning for a launch vehicle with 
the heavy payload capability necessary 
for a manned lunar mission began in 

Apr '' l 9 , 57 ,n Au9usl 1958 studies con- 
cluded that a clustered booster gen- 
erating a total of 1 5 million pounds 
thrust was feasible and the research 
and development effort was started to 
build the booster Rocketdyne, a divi- 
sion of North American Rockwell Corpo- 
ration developed the 200.000-pound- 
hrust version of the H-1 engine from 
the previously used Thor and Jupiter 
H-1 engine by updating the engine and 
by increasing its thrust Concurrently, 
from more advanced studies, the 1 5 
million-pound-thrust F-1 engine was 
conceived for even larger boosters In 
October 1958, the Army started the 
development of a high-performance 
booster for advanced space missions 
Tentatively called Juno V and finally 
designated Saturn, the booster was 
turned over to NASA in late 1959 
NASA proposed a manned flight pro- 
d f signated Pro ‘ ect Apollo in July 
1 'j5 > ? , S 9oals at that hme were earth- 
orbital and circurnlunar flights of a 

! dr ® e ' man spacecraft During i960 
McDonnell Douglas Corporation was 
selected to build the Saturn l second 
stage (S-IV), and Rocketdyne was 
chosen to develop the hydrogen-fueled 
J-2 engine for future upper stages of 
the Saturn vehicles. 

This was the combined proposal 
presented to the Vice President and 
approved and transmitted by him to the 
President. It was the best new initiative 
the President had seen So it was that 
on May 25. 1961, the President stood 
before a joint session of Congress and 
proposed a historic national goal: 

Now is the time to take longer strides- 
time foi a great new American enter- 
prise-time for this nation to take a 
dearly leading role in space achieve- 
ment. which in many ways may hold the 
key lo our future on earth 

bel,eve this nation should commit it- 
self to achieving the goal, before this 
decade is out, of landing a man on the 
Moon and returning him safely to the 
earth. No single space project in this 
period will be more impressive to man- 
kind, or more important for the long- 


range exploration of space and none 
will be so difficult or expensive to 
accomplish 


Astronaut Facts 


Of 108 pilots, scientists and mission 

aSmaSq S o e o ec,ed as astronau 's since 
April 1959. 28 are on flight status at the 

Son , A . er0 H aUt o S and Space AcJm,n - 
rirf/i l! Lyndon B John son Space 
a nd 35 Space Shuttle 
P' ^i andm ' S8 '°n specialists reported 
to JSC July 1. 1978 

Eight groups of astronauts have been 
selected Ir, Group I were the seven 
astronau ‘s selected in April 
19t>9 Nine test pilots. Group II was 
selected in September 1962 In Group 
I were 14 pilot-astronauts selected in 
October 1963 Group IV, the first six 
scientist-astronauts, was selected in 
June 1965 In April 1966 19 pilot- 
astronauts were selected as Group V 
Group VI 1 1 scientist-astronauts, was 
selected in August 1967. Seven Air 
Force Manned Orbital Laboratory 
Aerospace Research Pilots (USAF 
Astron au t designation) jo.ned the 
NASA pilot-astronaut program in 
August 1969. as Group VII after MOL 
program was abandoned: Group VIII 


was selec.ed in January 1978 as pilots 
and mission specialists for the Space 
shuttle. Forty-one of the total have 
participated in space flights 
Group VIII included six women (the 
space program s first for duty in space) 
four minority representatives Ithree ’ 
black). 14 of the candidates are civilians 
and 21 are military officers. 


,_ A '' a ? tr , onaut Personnel are assigned 
to the Astronaut Office. CB/L.B John- 
son Space Center. Houston. TX 77058 
Astronauts currently on duty as well as 
those who have left the program may 
be reached al that address Two former 
astronauts are currency serving in the 

,nnh? a < e The V are John H Glenn 
iD-Ohio). first American to orbit the 
tarth. as pilot of Mercury 6 in 1962 
end Harrison H Schmitt ( R- New ' 
Me*.c°l Lunar Module Pilot on Apollo 

Jerte s™ rf 31 °' ' ho Ac ""° 

|® r ' e | u Glenn was e'ected in 1974 

Sen Schmitt in 1976 . 

NASA has no plans for a return 
voyage to the Moon, either manned or 
unmanned, nor does it contemplate 
establishing a space station or settle- 
ment on the lunar surface in the fore- 
seeable future, or sending a manned 
mission to Mars. 
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Mercury 


Gemini 


A/j< 'llo 


Mercury 

set the trend for U S spacecraft aesign 
in the first decade The one-man cap- 
sule was 6 feet 10 inches long (26 
feet with its launch escape tower) and 
6 feet 2-1/2 inches in diameter It 
weighed about 2990 pounds in orbit 
The blunt end was covered with an 
ablative heat shield to protect against 
3000-degree reentry heat The capsule 
was built by McDonnell Douglas Corp 




Gemini 

also was built by McDonnell Douglas 
The two-man craft was an enlargement 
of the Mercury vehicle, but experience 
had shown that much equipment could 
be placed outside the pressurized 
cabin and left behind at reentry 
Gemini propulsion systems allowed 
changes in orbit, as well as reentry 
maneuvers for pinpoint landings The 
spacecraft was 19 feet long. 10 feet in 
diameter, and weighed about 8400 
pounds 


Drawings indicate relative sizes of spacecraft 


Apollo Command and Service Modules 

bridge tne first decade of American 
manned space flight with the second; 
they served both Skylab and Apollo/ 
Soyuz Test Project planners The ser- 
vice module extends the Gemini con- 
cept of locating in a separate package 
the equipment and supplies not needed 
for reentry, and the three-man com- 
mand module retains the ablative heat 
shield of Mercury and Gemini The 
command module is 10 feet 7 inches 
high (to top of apex cover) and 1 2 feet 
10 inches in diameter; its 33-foot 
launch escape tower is jettisoned be- 
fore orbital insertion. The service 


module is 24 feet 9 inches by 12 feet 
10 inches Both modules are built by 
Rockwell International 

Apollo Lunar Module (LMj 

operated only outside the atmosphere 
Its shape therefore was dictated by 
its job of taking two men safely to and 
from the Moon s surface The LM was 
22 feet 1 1 inches high with legs 
extended. 31 feet in diameter (mea- 
sured diagonally across extended 
landing gear) Nominal Earth orbit 
weight of the three Apollo modules 
was 100,600 pounds. Grumman Aero- 
space Corp built the lunar module 


15 



Space Launch Vehicles 


Whatever space mission is undertaken, 
manned or unmanned, the spacecraft 
carrying the payload must be propelled 
into space by a rocket All rockets 
currently used by NASA have more 
than or.e stage and are usually referred 
to as launch vehicles 
The payload weight and its planned 
fligh* path determine what rocket cap- 
ai'ilities ere required f or each mission 
Obviously it would not make sense to 
use a powerful Saturn-type launch 
vehicle for a relatively small scientific 
spacecraft when a less powerful ve- 


hicle could perform the mission ade- 
quately and more economically 
Several launch vehiclt used by 
NASA earlier in the space program are 
no longer in service These include 
the Atlas/ Agena, Saturn V Saturn IB, 
and Titan lll-E Centaur 

Allas/ Agena 

was a multi-purpose two-stage liquid 
propellant rocket It was used to place 
unmanned spacecraft in Earth orbit 
or inject them into the proper trajec- 
tories for planetary or deep-space 
probes 

The programs in which the versatile 


Atlas Agena was utilized included 
early Mariner probes to Mars and 
Venus, Ranger photographic missions 
to the Moon, the Orbiting Astronomical 
Observatory tOAO). and early Appli- 
cations Technology Satellites t ATS i 
It was also used as the rendezvous 
target vehicle for the Gemmi space- 
craft during this series of two-man 
missions in 1965-66 In preparation 
for the manned lunar landings Atlas 
Agena launched lunar orbiter space- 
craft which went into orbit around the 
Moon and took photographs of possible 
landing sites 

The Atlas/Agena stood 36 6 meters 
1 120 feet) high, and developed a total 



!>par:t> shuttle ortkter mated to externa/ tuet 
tunk S two si >hd rocket boosters atop mobile 
launcher p.M it mat NASA s Kennxly Space 
Center FL 


thrust at lift-off of approximately 
1 725 824 newtons 1388.000 pounds) 
It was last used in 1968 to launch an 
Orbiting Geophysical Observatory 


Saturn V 

America s most powerful rocket, car- 
ried out its last scheduled manned mis- 
sion on December 7, 1 972. when it 
sent Apollo 1 7 on the final lunar ex- 
ploration flight It was last used on 
May 14 1973. when it lifted the un- 
manned Skylab space station into 
Earth orbit, whpre it was visited by 
three crews for a total of 1 71 days 
Saturn V with the Apollo spacecraft 
stood 1 1 1 meters 1 363 feet) tall, and 
developed 34 5 million newtons 
(7 75 million pounds) of thrust at 
liftoff 

Saturn IB 

Was the launch vehicle for the Skylab 
i.id Apollo Soyuz Test Project It was 
69 meters (223 feet) tall with the Apollo 
spacecraft, and developed 7 1 million 
newtons ( 1 6 million pounds) of thrust 
at liftoff 

Titan lll-E/Centaw 

First launched in 1974. had an overall 
height of 48 8 meters (160 feet) De- 
signed to use the best features of three 
proven rocket propulsion systems, 
this vehicle gave the U S an extremely 
powerful and versatile rocket for 
launching large spacecraft on plane- 
tary missions or mtc Earth orbit. 

The Titan lll-E/Centaur was the 
launch vehicle for two Viking space- 
craft to Mars, and two Voyager space- 
craft to Jupiter and Saturn It also 
launched two Helios spacecraft toward 
the Sun. 

The Titan lll-E booster was a two 
stage liquid-fueled rocket with two 
large solid-propellant rockets at- 
tached At liftoff, the solid rockets pro- 
vided 10 7 million newtons (2 4 mil- 
lion pounds) of thrust 
The Centaur stage, still in use today, 
produces 133/ 10 newtons 1 30, 000 
pounds) of thr usf from two main en- 
gines. and burns for up to seven and 
one-half minutes. The Centaur can be 
restarted several times, which allows 
for more flexibility in launch times 


Current Launch Vehicles 

The Kennedy Space Center continues 
to launch the Delta and Atlas/Centaur 
rockets for NASA from the Cape The 
Delta launch team also conducts Delta 
launches from the Western Test Range 
in California Scout rockets are 
launched from Wallops Flight Center 
Wallops Island Virginia, the Western 
Test Range, and the San Marco launch 


complex off the east coast of Africa, 
all by launch teams from Langley 
Research Center 

Many of the launches conducted by 
NASA are for commercial organiza- 
tions, other Federal agencies, other 
nations, or multi-national groups such 
as the International Telecommunica- 
tions Satellite Organization NASA is 
reimbursed for the cost of the rocket 
and launch services for such missions 
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U S Manned Space Flights (1961-1975) 


Program ' 

Mercury 

Datets) Recovery Ship- 

Crew 

Mission 

Duration’ 

Remarl.s * 

Mercury Redstone 3 
Freedom 7) 

May 5, 1961 
Lake Champlain A 

Navy Comdr Alan B Shepard. Jr 

0 15 

suborbital 

Mercury Redstone 4 
Liberty Bell 7) 

July 21 1961 
Randolph A 

USAF Ma| Virgil 1 Grissom 

0 16 

suborbital 

Mercury Atlas 6 
(Friendship 7) 

Feb 20. 1962 
Noa(A) 

Marine Lt Col John H Glenn 

4 55 

three orbits 

Mercury Atlas 7 
(Aurora 7) 

May 24 1962 
Pierce A) 

Navy Lt Comdr Scctt Carpenter 

4 56 

iriree orbits 

Mercury Atlas 8 
(Sigma 7) 

Oct 3 1962 
Kearsarge i P! 

Navy Comdr Walter M Schirra, Jr 

9 13 

six orbits 

Mercury Atlas 9 
(Faith 7) 

May 15-16. 1963 
Kearsarge (P) 

USAF Mai L Gordon Cooper 

34 20 

22 orbits 

Gemini 

Gemini 3 
i Molly Brown) 

March 23. 1965 
Intrepid (A) 

USAF Mai Virgil 1 Grissom 
Navy Lt Comdr John W Young 

4 53 

throe orbits 

Gemini 4 

June 3-7. 1965 
Wasp ! A) 

USAF Maiors James A McDivitt and 
Edward H White. II 

97 56 

62 revolutions 
first US EVA White' 

Gemini 8 

Aug 21-29. 1965 
Lake Champlain (Ai 

USAF Lt Col L Gordon Cooper 
Navy Lt Comdr Charles Conrad, Jr 

190 55 

120 revolutions 

Gemini 6 

Dec 15-16 1965 

Navy Capt Walter M Schirra. Jr 

25 51 

Rendezvoused within 1 It of 
Gemini 7 

Gemini 7 

Dec 4-18 1965 
Wasp (A) 

USAF Lt Col Frank Borman 
Navy Comdr James A Lovell. Jr 

330 35 

Longest Gemini flight, 
rendezvous target for Gemini 6 

Gemini 8 

Mar 16. 1966 
L F Mason (P) 

Civilian Neil A Armstrong 
USAF Mai David R Scott 

1041 

Docked with unmanned 
Agena 8 

Genum 9A 

June 3-6 1966 
Wasp (A) 

USAF Lt Col Thomas P Stafford 
NavyLt Comdr Eugene A Cer ian 

72 21 

Rendezvous 1 3* with Agena 9 
one EVA 

Gemini 10 

July 18-21. 1966 
Guadalcanal iA) 

Navy Comdr John W Young 
USAF Mai Michael Collins 

70 47 

Docked with Agena 10 
rendezvoused with Agena 8 
two EVAs 

Gemini 1 1 

Sept 12-15.1966 
Guam (A) 

Navy Comdr Charles Conrad. Jr 
Navy Lt Coindr Richard F Gordon, Jr 

71 17 

Docked with Agena 1 1 twice, 
first tethered flight, two EVAs 

Gemini 12 

Nov 11-15. 1966 
Wasp (AI 

Navy Capt James A Lovell. Jr 
USAF Ma( Edwin E Aldrin. Jr 

94 35 

Three EVAs total 5 hrs 30 min 

Apollo 

Apollo 7 

Oct 11-22. 1968 
Essex (A) 

Navy Capt Walter M Schn ra. Jr 
USAF Mai Donn Eiseie 
Civilian Walter Cunningham 

260 09 

Tested Apollo Command 
Module in Earth orbit 

Apollo 8 

Dec 21-27. 1968 
Yorktown i P) 

USAF Col Frank Boi man 
Navy Capt James A Lovell. Jr 
USAF Lt Col William Anders 

14701 

First manned Saturn V launch 
10 lunar orbits 

Apollo 9 

Gumdrop and Spider) 

March 3-13. 1969 
Guadalcanal (A) 

USAF Col James A McDivitt 
USAF Col David R Scott 
Civilian Russell L Schweickart 

241 01 

Earth orbital mission first 
manned flight of LM. 2 EVAs 
total 2 hrs 8 min 


Progran . ' 

Oafeis Recovery Ship 

Crew 

Mission 

Apollo 10 
Char lie Brown and 
Snoopy - 

May 18-26 1969 
Princeton P 

USAF Col Thomas P Station! 
N..vy Comdr John W Young 
Navy Coniiir Eugene A Oman 

Duration 
192 03 

Apollo 1 1 
Columbia Eagle 

July 16-24, 1969 
Hornet ,Pi 

Civilian Neil A Aims hong 
USAF Ll Col Michael Collins 
USAF Col Edwin E Aldrin Jr 

195 19 

Apollo 12 
Yankee Clippei 
and Intrepid' 

Nov 14-24 1969 
Hornet Pi 

NavyComdr Charles Conrad Jr 
NavyComdr Richard F Gordon Jr 
Navy Comdr Alan L Bean 

244 36 

Apollo 1~ 
Odyssey and 
Aquarius 

A .'ril 11-17, 1970 
l.vo Jima P 

NavyCapt James A Lovell Jr 
Civilian Fred W Haise Ji 
Civilian John L Swigert Jr 

142 55 

Apollo 14 
Killy Hawk oriel 
Antares 

Jan 31 -Feb 9 1971 
Now Orleans P 

Navy Capt Alan B Shepard. Jr 
USAF Mai Stuart A Roosa 
Navy Comdr Edgar D Mitchell 

216 02 

Apollo 15 
Endeavour and 
Falcon' 

July 26-Aug 7 1971 
Okinawa (P) 

USAF Col David R Scon 
USAF U Col James R Irwin 
USAF Mai Allied M Worden 

295 12 

Apollo 16 
Casper and 
Orion) 

Adi it 16-27, 1972 
Ticonderoya P 

NavyCapI John W Nouny 

Navy Lt Comdr Thomas K Mattingly, ll 

USAF Lt Col Charles M Duke Ji 

265 51 

Apollo 1 7 
America and 
Challenger 

Dec 7-19 1972 
Ticonderoga P' 

Navy Capt T uy. me A Cernan 
Navy Cornel Ronald E Evans 
Civilian Harrison H Schmitt Ph D 

301 52 

Skylab 

Skylab 1 

Skylab 2 

Launched May 14 1973 Unmanned 

May 25-June 22. 1973 NavyCapt Charles Conrad Ji 
Ticonderoga P’ NavyComdr PaulJ Weitz 

Navy Comdr Joseph P Kerwm i M D 

Remained 
in orbit 

28 .lays 
50 mm 

Skylab 3 

July 28-Sept 25 1973 
New Orleans i P 

NavyCapt Alan L Bean 
Marine Mai Jack R Lousma 
Civilian Owen K Garriott Ph D 

59 days 
1 1 hrs 
9 mm 

Skylab 4 

Nov 16 1973- 
Feb 8, 1974 
New Orleans P 

Marine 1 1 Col Gerald P Carr 
USAF Lt Col William R Pogue 
Civilian Edward G Gibson Ph D 

84 days 

1 hr 

16 mm 


ASTP 

Apollo Soyuz 
Tesl P: oject 


July 1&, 1975- USAF Bug Gt>n Thomas P Stafford 

July 2-1 1975 Civilian Vance D Brand 

New Orleans |P) Civilian Donald K Slayton 


Names in parenthese- we crow names Mr « rail oi Command and Lunai Module-, 
A oi T denotes All, ink or P i. I, Or ean splashdown 
Hours and m onies except lor Skyi.it ■ 
i EVA releislo extravehicular activity or .rtvr, out- ie the spare. >at 
5 Flown by Cosmonauts Aleksey A Leonov- .hhI Va<e> y N kuha -v 
Totals flights 31 astronauts participating- 43 cumulative man hour- n i e 22 503 49 
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Remarks* 

3t lunar orbits LM descended 
to within 9 miles of lunar 
surface 

First manned lunar landing 
Seaol Tranquility, 1 lunar 
EVA 2 hrs 48 min 46 lbs 
lunar samples 

Landed Ocean of Storms 

2 lunar EVAs total 7 his 
46 mm 75 lbs samples 

Lunar landing aborted after 
oxygen tank ruptured, 
safe recovery 

Landed Fra Mauro. 2 lunar 
EVAs total 9 his 23 mm, 

94 lbs samples 

Landed Hadley Apennine 

3 lunar EVAs total 18 nrs 
35 mm 169 lbs samples 

Landed Descartes highlands. 

3 lunar EVAs total 20 hrs 
14 min . 207 lbs samples 

Landed Taurus-Littrow, 

3 lunar EVAs total 22 his 
•t min 243 lbs samples 

100-ton space station 
visited by three crews 

Repaired Skylab 404 revolu- 
tions, 392 experiment hours. 

3 EVAs total 5 hrs 34 nun 

Per lor med maintenance. 

858 (evolutions. 1081 ex- 
periment hours. 3 EVAs 
total 13 hrs 42 min 

Observed Cornel Kohoutek, 
1214 revolutions. 1563 
expei iment hours. 4 EVAs 
total 22 hrs 25 min 


Apollo docked with Soviet 
Soyuz spacecraft July 17 
separated July 19 


19 


Ap i tin and Si Vuz dixked 


20 


Apollo Soyuz Test Project 


Costs of Major Manned Projects 10th Anniversary ot Apollo 1 1 

Man on the Moon 


First International Manned Space Flight Mercury 


July 15-24. 1975 

The Crews 

Apollo Commander— Thorn- P 
Stafford. Maj Gen USAF 

Command Module Pilot —Vine D 
Brand 


Spacecraft 
Launch Vehicles 
Operations 

Tracking Operations and 
Equipment 
Facilities 
Total 


135 300 000 
82 900 000 
49 300.000 


71.900.000 

53.200.000 
$392 600 000 


Gemini 


Docking Module Pilot — Donald K 
Slayton 

Soyuz Commander — Alexey A Leonov 
Brig Gen Soviet Air Force 

Flight E/ig/netr-Valeriy H Kubasov 

Mission Duration — Nine days, eight 
hours. 18 minutes from Soyuz launch 
to Apollo landing 

Objective ot Mission 

The Apollo Soyuz Test Project mission 
was planned to accomplish spacecraft 
rendezvous, docking, undocking, crew 
transfer, interaction of control centers, 
and interaction of spacecraft crews 
The development of the compatible 
docking systems enhances the safety of 
manned flights in space and provides 
the opportunity for conducting joint 
experiments inHhe future The new 
docking system also prr*wi<jes the basis 
for a standardized i ic , 'national system 
for docking of manntc. spacecraft 
l All Mission Objectives Were 
Accomplished) 


Loacecraft 797,400 000 

La inch Vehicles 409 800 000 

Support 76.200.000 

T otal $1283.400 000 

Apollo 

Estimated total cost of 
Apollo Program 

through completion $25 billion 

Sky lab Program 

Total cost of program S2 6 billion 

Apollo Soyuz Test Project 

Total cost of program 
(U.S.) $250million 

Space Shuttle Project * 

Total cost of Design. 

Development, Test and 
Evaluation iDDT&E) $6 9 billion 

Includes two orbiters (1976 dollars) 

•Please see FY 1980 NASA Budget Request 



At 10 56 PM EDT Sunday. July 20. 
Astronaut Neil A Aimstrong. spacecraft 
commander of Apollo 1 1 set foot on the 
moon His descent from the lowest 
rung of the ladder which was attached 
to a leg of the lower stage of the Lunar 
Module (LM), to the footpad, and then 
to the surface of earth s only natural 
satellite constituted the climax of a 
national effort that began in 1961 It 
was an effort that involved, at its peak 
more than 300,000 people in industry, 
the universities and in government 

As he took his epochal step Arm- 
strong commented, That s one small 
step for a man. one giant leap for 
Mankind 

Sharing this electric moment with 
Armstrong and Edwin Buzz Aldrm. 
the LM pilot were an estimated half- 
billion TV watchers in most of the earth s 
nations As the astronaut descended 
the ladder he pulled, a D ring that 
deployed a black and white television 
camera which was focused to record the 
event Framed by parts of the LM s 
under-carriage. Armstrong s heavily- 
booted left foot descended across 
millions of TV tubes until his boot sole 
made contact 

Work on The Moon 

With the post landing checks com- 
pleted. Armstrong climbed out of the 
LM and descended to the lunar surface 
The moon walk began more than five 
hours ahead of schedule as a result of 
deciding not to have a rest period on 
schedule Armstrong s attention was 
first duected at the nature of the sur- 
face material He reported that the top 
layer was a fine, powdery material He 
noted that he sunk in only a quarter of 
an inch or less, and that the footpads 
of the LM. which are convex discs 32 
inches in diameter had penetrated only 
a few inches He also observed that the 
exhaust of the descent engine had not 
cratered the area directly below the 
LM engine nozzle 

After a qu'ck visual check of the LM. 
Armstrong went ahead with his sched- 
uled task of collecting the contingency 
sample— several pounds of lunar sur- 
face material which he stowed in a 
sjDacesuit poexet 
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A/dr/n Leaves the LM 

Once the LM inspection and the sampie 
collection were completed. Aldrm got 
out of the LM and climbed dowr. the 
ladder, with Armstrong providing voice 
guidance Armstrong was taking pic- 
tures of the event at the same time 
The two then unveiled theplaqu -5 
mounted on the strut behind the ladder 
by removing a protective covering 
They read the inscription for the benefit 
of their world audience 

Here Men From Planet Earth 
First Set Foot Upon The Moon 
July 1969 AD 

We Came In Peace For All Mankind 


Records and Firsts 

As might be expected from the nature 
of the mission. Apollo 1 1 established a 
number of records and firsts It put 
the largest payload ever in lunar orbit 
In the b-day mission, the TV networks 
beamed abroad, via satellite, telecasts 
totaling 230 hours Comsat estimated 
viewers totaled 500 million It was the 
healthiest flight None of the crew had 
to resort to the medical kit for any 
reason All phases of the lunar touch- 
down. the moon walk, and the ascent to 
50.000 feet were firsts A record num- 
bei of people watched the launch 
Civil Defense officials estimated 
1 000.000 watchers pitched tents on 
nearby beaches and dunes, filled the 
motels and hotels and created a massive 
traffic tie-up More than 3.000 news- 
men from 55 countries besides the U S 
were on hand to report the even; 
Japanese media alone woe represented 
by more than 100 correspondents 

Repod On The Lunar Suilace 

Armstrong removed the TV camera that 
had covered his first step on the moon 
and transmitted several panoramic 
shots of the area surrounding the LM 
The pictures came through with re- 
markably good definition and showed 
a fairly level area pitted with small 
craters There was a scattering of 
boulders of varying sizes and shapes, 
some of them as large as two feet in 
the:r biggest visible dimens, on 
The astronauts described the surface 
color as varying from a very light to a 


dark grey When in the spacecra'* Arm- 
strong reported seeing some bn.i iers 
that had apparently been fractured by 
the exhaust of the descent engine T heir 
surface was a light grey — perhaps 
coated with the powdery surface ma- 
terial The fractures were very much 
darker From the astronauts com- 
ments. it appeared that the sun angle 
was a factor in color. 

The crew then deployed a specially 
structured 3x5 American flag They 
fitted together its two-piece aluminum 
staff and deployed a support along its 
upper edge so that it would remain 
unfurled in the lunar vacuum 

Foreign Reaction 

Interest in Apollo 1 1 was intense and 
worldwide The heads of slate of 74 na- 
tions sent message of Godspeed and 


good luck By a microdot process, these 
were reduced 200 times so that they all 
fitted on a silicon disc about the size of 
a silver dollar Although each message 
is no laiger than the head of a common 
pin. they remam readable under a 
microscope The disc was left on 
the moon 

Besides three American flags, the 
crew carried with them the flags of the 
50 states, of U S territories, of the 
United Nations and of each nation 
diploi ’atically recognized by the 
United States Two American flags 
were brought back for presentation to 
the Senate and the House of Rep- 
resentatives 

The crew also had with them me, ?ls 
m memory of Astronauts Grissom 
Chaffee and \ . hite who were to have 
been the crew of the first manned 
space flight in the Apollo program 
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They also left a memorial for the two 
Russian cosmonauts who were killed 
British insurance underwriters. Lloyds 
of London, rang the Lutme Bell, only 
dene on rare occasions, to c€ lebrate 
tlie success of the mission Czecho- 
slovakia and a number of other foreign 
nations, including the tiny Maidive 
Islands, issued special postage stamps 
Severa. hundred Poles crowded into the 
lobby of the U S Embassy in Warsaw 
to watch the telecast of the moon walk 
Applause was frequent during the 
transmission, and congratulations 
flowed freely Among those cabling 
congratulations to President Nixon were 
Pope Paul VI. UN Secretary General 
U Thant, and Soviet President Nikolai 
V Podgorny Moscow radio began its 
8 PM newscast with the term Hash 
and tlien reported that word of the com- 
pletion of the Apoll j mission had just 
come in and that The courageous 
astronauts. Armstrong. Aldrm and Col- 
lins are again on our planet 
On the personal side, a Peruvian 
mother named her baby, born du mg 
the flight, after Neil Aimstrong 
Thus, in 195 hours. 18 minute- and 
35 seconds. Apollo 1 1 and Astronauts 
Armstrong. Aldrin and Collins moved 
the world into a new era 


Solar System 


The nine known planets of the solar 
system can be divided into two cate- 
gories the Jovian planets and the 
terrestrial planets Jupiter, Saturn. 
Uranus, and Neptune, the Jovian 
planets are believed to consist of large 
cores of solid hydrogen and heavier 
elements surrounded by extensive 
atmospheres of heavy gases As a 
group the Jovian planets are less 
dense than the terrestrial planets and 
have many more satellites Mercury, 
Venus. Earth. Mars, and Pluto, the ter- 
restrial planets, are dense, solid bodies 
w'hout extensive atmospheres Be- 
tween the orbits of Mars and Jupiter, the 
majority of astenods. of which ever 
1 600 are presently known are situated 
These diminutive objects are thought to 
be remnants of a large planet which dis- 
integrated The planets travel in ellipti- 
cal orbits ol relatively low eccentricity 
around the Sun. although the eccen- 
tricity of Pluto is large enough to bring it 
sometimes nearer the Sun than Nep- 
tjne All the planets lie close to the 
plane of the earth s orbit, the ecliptic 
Except for Pluto, the terrestrial planets 
are much nearer the Sun than the 
Jovian planets 


Eadh and Moon 

The Earth s slightly flattened at the 
poles, resulting in an equatorial bulge 
Energetic protons, and electrons, 
trapped above the atmosphere by the 
Earth s magnetic field, form the Van 
Alien bells The Moon has no at- 
i.iosphei g. and its cratered surface is 
believed caused by primordial meteorite 
impact and volcanic activity 

Sun 

Our Sun an incandescent body of gas. 
is by far the largest and most massive 
pbject in the solar system Sunspots art- 
large areas of cooler gas viewed against 
the hotter gas of the Sun s surface 
Huge gaseous eruptions, known as 
prominences sometimes rise several 
hundred thousand miles above the 
solar surface 

Milky Way 

This immense aggregate of millions ol 
stars, comprised of a flattened ellipsoid 
of stars with a very dense nucleus and 
superposed spiral arms, is 100.000 light 
years in diameter The Sun. a typical 
star 30.000 light years from the center, 
is located in a spiral arm and moves 
with a speed of 250 miles per second 
around the galactic center 


The Stars 


Lifestyles of the Stars 

Pulsars. X-ray sources, black holes, 
novae, and neutron stars All of these 
and more are part of the fantastic uni- 
verse and the new astronomy, a revolu- 
tionary view of the Universe in which 
observations appear to confirm seem- 
ingly incredible theory 
Much of this increased knowledge 
has been synthesized into a fascinating 
theoretical scenario of the births. I.ves, 
and the several kinds of bizarre deaths 
of stars Their stories follow: 



Sfar Birth 

Stars are believed to originate in 
enormous clouds of dust and (mostly 
hydrogen) gas There are many such 
clouds m our Universe They are as- 
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^7cr ea,,ya,, °^^ 

Grav,( y ,s a •'ey to star evolution You 

may recall that according to Ne^on s 

aw of gravity all bodies from the 

m the! in >OCtS '° ' ht ’ sma,,GS ' Particles 

m the Universe attract each other 
ihus. the gas and dust particles of the 
vast interstellar clouds exert gravity 
upon one another Eventually, enough 
pai icles m a cloud may coalesce to 
|orm a clump that is massive e JU qh to 
be gravitationally bound At this point 

collapses under the influence 
of its own gravity 

,lfs '„ " contracts rapidly because 
energy thereby released is easily ra- 
diated outward Eventually, the cloud 

S™*™* en ° Uyh '° become opaque 
to (block) its own radiation This ranwc 

the cloud to heat up, slowing down but 
not stopping its contraction The cloud s 
con mued collapse lead, to add, t?onaf 
heating of its interior 
Eventually, the center of the cloud 

mSch’h 1 h ,h3t lher,l1 cnuclear fusion, 
in whi^h hydrogen is converted to 

helium and radiant energy, occurs Nu- 
clear rather than gravitational energy 

£2 Thn°T S ! h ° S0UrC ' ' Gf ,hG Cloud s 
heat The cloud s collapse is then halted 

because outward pressures of nucieai- 
teated gases balance the inward forces 
of gravity Thus, a main sequence star 
lone m the stage of ,; s evolution when 
d burns hydrogen ,n its core, like our 
Sun) is born 

Are stars still being born? Astrono- 
mers studying dense interstellar clouds 
with infrared (heaf-sensitivei instru- 
ments have discovered an abundance 
of glowing objects, hidden p y the clouds 
from optical telescopes, tnat appear to 

stars Ve i P,n9 (pre ' ma,,: Sequence J 

Main Sequence Stars 

How long a star remains a mam se- 
quence, or hydrogen-burning, star like 
hoi bun most others visible ,n the 

oSmlf er,rlS ' lr90ly upnn " s mess 
Out Sun nas a mam sequence lifetime 

° a bout .en billion years, of which 

approximately five trillion have already 

^u SeC !u La ' 9er sta,s burn ,as( e> and 
hotter than our 3un and have main 

sequence lifetimes of as little is a 
million years 


Red Giants 

When the hydrogen fuel in a star s core 
is consumed the core starts to collapse- 
At the same time, nuclear reactions th it 
convert hydrogen into helium releasmo 
energy, move outward from the core 

ex,sts e9 '° nS Where UnuSt?d hyd, °0en 

The intense heal of the nuclear 
reactions in a shell around the core 
causes the star s ouier envelope to 
expand As it expands, it cools, and the 

fnrl T^ ,rface colDr becomes a deep 
red The star is now a Red Giant When 
this happens to our Sun. it will grow 
into a vast sphere, eventually engulfing 
he near by planets. Mercury and Venus 
and possibly Earth and Mars 
In the meantime, the contracting core 
may grow so hot that it ignites and 
bums^nudear fuels other than hydro- 
gen. beginning with helium The stars 
subsequent behavior is complex but 
m general. ,t can be characterized as a 
sequence of gravitational contractions 

Son I?? IHn ’"° ns Each nuc,ea ' 'Sni- 
hon and burning produces a succession 

of heavier elements in addition to re- 
leasing energy, for example, burning of 
helium produces carbon and burning of 
carbon produces oxygen Most ,m- ’ 

K2LE m fhG s(anf ipoint of our storv 
f,ef ih« ? e f haus,in 9 each nuclear 
tuel. the star tries to stay alive by further 


contrachon of its core and burning the 
next available nuclear fuel Because 
[he available nuclear fuels are limited 
he star cannot continue the process m 

Dept ding upon its mass it may finally 

White Dwarfs 

When all the nuclear fuels it can burn 

Sun < fMr^J m f d ‘ 3 St3r compdrab le to our 
bun ( Most stars are believed to be in 

this category) contracts to a white hot 
sphere as small as a planet Such an 
obiecl is called a White Dwarf The 
White Dwarfs atoms are packed so 
tightly togetner that a sugar-cube-sized 
ragment of it would weigh thousands 

° /'! 0 ?T ams ° VRr billions of years the 
White Dwarf cools and fades to a b ,a Ck 
cinde. Such ,s the future of our Sun 
and the majority of other stars 

Neutron Stars 

mass S of.h^ ,h3n abDuf 1 the 

mass of the Sun grav tational forces are 

of such magnitude that they overcome 

S s c ?^r lec 'r Br « ssu ™S 

col c collapse of smaller stars The 
wf \ collapse may continue until its 

driver/ ' S < S ° h ' 9h thal j,s electr ons are 
driven into atomic nuclei which are then 
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transmuted into neutrons, creating in 
effect an atomic nucleus of astronomical 
proportions- a neutron star 
A neutron stai may be as small as 20 
Kilometers (12 miles) in diameter, with 
a density billions of times that of lead 
A cubic centimeter of its matter could 
weigh billions of kilograms on Earth Its 
density has been described as equiva- 
lent to that which would result if all 
the world s automobiles weie com- 
pressed and packed into a thimble 
Most astronomers today associate the 
astronomical phenomena called super- 
novae and pulsars with neutron stars 
and then evolution The phenomena 
are 


Super novae 

A star s final collapse to the neutron star 
stage may give rise to physical condi- 
tions that cause its outer portions to 
explode, producing what we call a 
supernova A supernova can tempo- 
rarily outshine all of the hundreds of 
millions of ordinary stars in its galaxy 
A supernova explosion fills vast 
regions of space with matter which may 
radiate energy (including visible light i 
for hundreds and even thousands of 
years An example of the remnant of a 
supernova explosion is the Crab 
Nebula, mentioned in Pulsars, below 
The material expelled by a supernova 
may recondense into one or more new 
stars It is possible that our Sun may 
have originated in the debris of a super- 
nova This is because it contains laiger 
amounts ot heavy elements (such as 
iron), which are thought to be produced 
in supernova explosions, than are typi- 
cal of first generation stars 
Super novae should not be confused 
with novae Novae are far gentler 
occurrences One common class of 
novae— called recurrent novae— is due 
to the nuclear ignition of gas being 
dumped from time to time on the hot 
surface of a White Dwarf from a com- 
panion star in a binary system (Binary 
systems, in which two stars revolve 
around each other, are commonplace 
in our Universe) 

Pulsars 

The pulsar, which was discovered by 
radio astronomers and was so named 
because its radio signal regularly turns 
on and off (pulses), is thought to be a 


spinning neutron stai Apulsai may also 
pulsate in X-ray and other wavelengths 
The pulsar s beams probably do not 
turn on and off Instead, the energy is 
believed to be emitted from a point on 
the star that faces toward and away 
from Earth as the star spins, some- 
what like the effect of the rotating 
beacon of a lighthouse 
The only visible pulsar is the central 
object of the Crab Nebula, a vast glow- 
ing cloud of gas The pulsar and nebula 
are remnants of the supernova of 1054 
that was observed and reported by 
ancient Chinese astronomers 



Black Holes 

The end product of the gravitational 
collapse of a star that is more than 
about 3 times the mass of our Sun may 
appear to bo fantasy Such a dying star 
shrinks with increasing rapidity, cracks 
the neutron barrier, and disappears from 
sight, literally creating a black hole in 
space 1 he black hole is aptly named 
Nothing— not even light— can escape 
its incredible gravitational pull 
It would seem that a black hole could 
remain invisible and undetected How- 
ever. if it is part of a binary star system, 
evidence for a black hole s existence 
could be acquired by studying its 
gravitational effects on its visible com- 
panion (See below ) In addition, 
theorists have concluded that a sub- 
stantial amount of the matter transferred 
'rom the binary companion to the black 
note should be converted into hard 
(extremely penetrating) and soft (less 
penetrating) X-rays and into gamma rays 
that are radiated into space and can be 
detected These emissions, it should 



be emphasized, are not from the black 
hole but from the hole s effect on matter 
being pulled into it before the matter 
reaches the point of no return 
In November 1973. a team of astrono- 
mers at London s University College 
claimed they had solid evidence of the 
type described above for the existence 
of a black hole Using data from an 
X-ray experiment aboard NASA s Orbit- 
ing Astronomical Observatory (named 
for the great Polish astronomer Coper- 
nicus) they studied a mysterious power- 
ful X-ray source called Cygnus X-1 ’ 

The London team first identified the 


Cygnus X-1 source with the binary 
super giant star system HDE (for Henry 
Draper Extension catalog) 226868. 
which is in our Milky Way galaxy and 
some 8000 light years, from Earth 
Optical observations indicated that '.he 
system consisted of a visible supergiant 
star 30 times as massive as our Sun and 
an invisible companion 
According to the astronomers, vast 
clouds of glowing matter art. 1 being 
ripped from the visible stai by its in- 
visible companion A good part of this 
matter is being converted into the 


An X My source >s defined as a colest il 
phenonvnon that radiates more X la ■ Ilian 
any other lonn el electron!, io: iotic ra< ialion 
(Other forms of < leclromapaolu radraeon 
visit ilo light iraared rays I mat gamma 
lavs ullraviole' light arid radio waves In 
i onlrast X rays are or,iy a small part of the 
electromagnetic radiation of normal stars like 
our Sun Cygnus X t is so named because it 
is the lust X ray source discovered m the 
constellation Cygnus the Swan 
A light year is an astronomical yardstick oqua 
to 9 G trillion kilometers oi G trillion nidus 
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theoretically predicted X-rays as it is 
pulled toward the invisible object 
In addition. Copernicus data show 
that cessations of soil X-iay emissions 
horn the system apparently coincide 
with tune intervals when the visible star 
would be in front of the invisible object 
relative to Earth (The visible stai an. its 
invisible companion, as in any binary 
system i evolve around each other) 

Soft X-i.iys are absorbed its they pass 
through the atmosphere of the visible 
siai in contrast, haul X-iays from the 
direction of the invisible object tra- 
voise the visible supergiant s atmos- 
phere without being dimmed and do 
not display such periodic variations 
Furthermore, by analyzing the gradual 
cut-off of the sett X-iay emissions, the' 
astionomers wore able to estimate the 
unseen object s size as one ten- 
thousandth that of our Sun And by 
calculating in detail how Cygnus X-l s 
gravity affects the visible star the 
astronomers computed Cygnus X-t s 
mas-, as about 6 times that of our Sun 
This mass exceeds the theoretically 
predicted limit of a stable neutron star 
thus Cygnus X -1 s invisibility great 
mass small size and the hard X-iays 
apparently streaming from surrounding 
mallei support the conclusion that it is 
a black hole The black hole in time may 
ovon swallow up its visible companion, 
leaving no tiace of either s existence 

Revolutionary Advances in Knowledge 

The discoveries about stats and our 
Universe made in recent years are as 
i evolutionary as the advances in astron- 
omy made by Galileo Much of then 
significance cannot be determined at 
tins time But like all advances in 
Knowledge, these are expected even- 
tually lo conti ibute substantially to 
mankinds benefit 



Apollo Expeditions to the Moon 

The Sampling of the Moon 

Arrows indicate the locations from 
which lunar samples have been re- 
turned to the Earth for sciontif.c study 
T a a symbols mark the landing sites 
ot the Apollo 1 1 through Apollo 1 7 
missions (The Apollo 1 3 mission did not 
land Enroutc to the Moon, an oxygen 
lank exploded, the crew returned 
satelv to Earth ' The L symbols in- 
CHCdto the sites near the eastern edge 
of the Moon from which Russia s auto- 
maton landers, Luna-16 and Luna-20, 
lotumod small samp<es of lunar soil 

Space Shuttle Profile 


Tin' Space Shuttle is a reusable space 
vehicle which will operate between the 

ground and Earth orbit it stheprmci- 
pal element of a Space Transportation 
System which will provide routine ac- 
cess to space beginning in the 1980 s 
It will provide low-cost space operations 
tot tar th resources, scientific, defense 
amt technological payloads It will be 


able to retrieve payloads from oibit for 
rouse, to service or refurbish satellites 
m space; to ca. iy to orbit operate, and 
letum space laboratories and to perform 
rescue missions It will result in savings 
in the cost of space operations while 
greatly increasing the flexibility and 
productivity of the missions 
The Orbitei. workhorse ot the Space 
Shuttle program is designed to be used 
a minimum of 100 times It is as big as 
a commercial tetliner (DC-91, its empty 
weight is 68.000 kg ,150 000 lb ,t , s 
37 3 111 1 >22 tt 1 in length and it has a 
wingspan of 23 8 m ( ,’8 ft ) Th.' Orbitor 
is to be launched into low Earth orbit 
in 1979, with its three mam engines 
bi-mg augmented by a pan of solid' 
rockot boosters 

Pour two-man crows have been 
selected to bogm training for the 
early orbital flights of the Space Shuttle 
They are 

d<nnW y>ung 47 romtruniVi Rupert t 

1'rpi^n 40 plot v n En(} „. ., 5 (0m 

rivindoi Ri '\i'dH Truly 40 pilot FredVh 
rr.r .se 45 commander Jack R l ousim 42 
toot Vance D Brand 4(> commander 
(. "at -ik Ci lui'rt.'n 41 plot 

Young and Crippen will bo tho prime 
crew for the first orbital flight test 
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(OFT- 1 1 scheduled (or launch from 
NASAs Kennedy Space Center Fla . no 
earlier than November 9, 1979 
Young is Chief of the Astronaut Office 
and a veteran of four space flights He 
was pi'ot of the first manned Gemini 
flight. Gemini 3, in 1965, command pilot 
of Gemini 10 in 1 966. command module 
pilot of Apollo 10 in 1969, and com- 
mander of Apollo 16. a lunar landing 
mission in 1972 He has been a mem- 
ber of four backup crews Young, a 
retired Navy captain, has been an 
astronaut since 1962 
Crippen will be making his first space 
flight A Navy commander, he has been 
a NASA astronaut since 1969 when he 
was transferred from the cancelled 
USAF Manned Orbiting Laboratory 
program Crippen was a crew member 
of the Sk. ab Medical Experiments 
Altitude Tests (SMEAT). a 56-day 
simulation of a Skylab mission He was 
a member of astronaut support crews 
for Skylab and Apollo Soyuz Test 
Project missions 

Space Shuttle Passengers: 

A Clarification 

NASA is not accepting— contrary to 
news reports— reservations 'or passen- 
gers on the Space Shuttle Non- 
astronaut payload specialists may 
be aboard some missions to conduct 
experiments and operate equipment, 
but there is no available space to al- 
locate to travelers without a crew or 
payload assignment 

Profile of Shuttle Mission 

Each Shuttle orbiter can fly at least 100 
missions and carry as much as 29,484 
kg (65.000 pounos] of cargo and up to 
seven crew members and passengers 
specialists into orbit It can return 
14.515 kg (32,000 pounds) of cargo 
to earth 

Earthly Payoff Tomorrow 

Man goes into space to explore the 
unknown— to increase our understand- 
ing of the past, present, and future of 
the universe and humanity s place in it 
When the Space Shuttle becomes op- 
erational 1 480, it will be an important 
tool to provide mankind with information 
to help in managing and preserving our 
crowded Earth Users of the versatile 



Separation el 

Solid Rocket Boosters 

Heighl -I. i km (27 unit- 





Sepai lition ot 
I dental lank 


Shuttle system will include communi- 
cations networks, research foundations, 
universities, observatories, fedi ral 
departments and agencies, state 
agencies, county and city planners, 
public utilities, (aim cooperatives, tl 
medical profession the fishing industry, 
the transportation industry, and power 
generation and water conservation 
planners 

Payloads launched by the Space 
Shuttle will provide practical data that 
will affect both the daily lives of people 
and the long-term future of mankind 


Shuttle Characteristics v.i , :r,- t ; ; . • ite 

Length 


Orbit Insertion and 
CircularizatK >n 
Height 185 km 
(1 15 milt's typical 



Orbital Operations 
Duration 7 30 days 



System Mi i ■! in , 184 ,’ uvi 
OrtMer 37 24 m , 1 22 2 feet 


Height 

System .’, 1 .14 m *6 0 tt - ir 0 
Ortm •< 1 7 2 7 m 1 56 67 toeO 

Wingspan 

t.V/Wer 2.1 79 rn , 78 06 leer 

Weight 

Gross l if Oil 

t 't;)5 84i Ku 1 4 4 million pounds 
Oibttt't l .rrtdirij; 

84 V8 kg 1 187 thousand pounds 


Atmospheric Entry 
Voli n ity 28 082 km/hr 
' 1 7 450 mph 





Thrust 

Siv/.r Hi H'ki'l I3i wstr/s 

12 809 200 newtons 1 2 9 million pviunds 

ot thrust each it sen level 

Orlvhv Main l ngines(31 


Landing 

Orossrange '2037km, • t tdOnnutu nl miles ■ 
(from entiy path] 

Velocity 34 1 364 km/hr 1 2 1 2 226 mph 


t 068 000 newtons ,376 thousand pounds 
of thrust each at st-a level 

Cargo Bay 

Diniensii .ris 

18 28 m riOtecI long 4 57 mi 15 tool 
in diameter 

A< vommod.irnvis 

Unmanned spacecraft to fully equiptxxt 
scientific labs 


Shuttle Names, Piisl Launching Dale 

Selected from sea vessels used in world 
exploration, names of the first four 
orbiting Space Shuttle craft are Col 
umbia, Challenger, Discovery and 
Atlantis Columbia is scheduled for 
launch no earlier than November 9, 
1979 from Kennedy Space Center, FL 


on a test mission of just over two days 

' Wl " land al NASA s Dry den 
liglit Research Center. CA 

S/uce Settlements. Other Usages' 

A numtDor of newspapers, magaz.nes 
technical journals and other publica- 
Itons have, in the past few years re- 
ported on various aspects of establish 
se ff, ements and other utilizations of 
‘? Clut<in9 "manufacturing facil- 
ities and satellites to transmit solar 
energy ,o Earth Most of the atfetos 

n te lf S .l° Cosl ,he technology rc T 
duired. the time frame and the size and 
u notional capabilities of individual or 
cluster settlements 

iLn Pa ? e f e '" 0nlenls are no longer 
bting studied by NASA A workshop 

Mudy was conducted in 1975 to explore 
the space settlement concept 

l Establishing settlements in space 
would be very costly Both the hardware 
required and the technology needed 

and' IVJ be<?n ( !° VOloped Thp number 

occrnv a^Lu!' 1 ,rain,ne of ^ople to 
occupy a settlement is unknown 

3 There is within NASA no recoo 

'protect n6ed ,0f 3 SpaCe ntttaSnt 
protect now or m the near future 

oqi^v S h has no pla,1s at th 's time to 

sur’fSe h 3 SP3Ce Stat,on on ,he 'unar 

Available for those interested in the 
subject is Space Settlements— A 
Design Study, a 185-page fully- 

entofS b ° OK from ,he Supenntend- 
ont of Documents. U S Government 
onting Office Washington, DC 20402 
55 00. stock number 033-000-00669- 1 


Note: 


The President s 1978 U S Civil Space 
Policy precludes for the foreseeable 
future NASA s undertaking projects 
‘ ho magn 'tude of manned planetary 
missions or the establishment of space 
settlements and allied facilities NASA s 
only scheduled manned flight activity 

i't scheduled for orbital tests boom 
Mine .r> 1.1,0 loro 

">» '980s NASA S 

m , U T to ,he Moon with either 
manned or unmanned craft 


Spacelab 

i 

in the 19BP s reasonably healthy men 

to ao W m.nT °l ma,,V ' 1a " ons wp o need 

Sieml ^f u conduc » ""Portent 
,c entif'c and technical experiments 

will be provided that opportunity 
through Spacelab Spacelab supplies 
experimenters with a fully furnished 
laboratory adapted tor the weightless 
environment of space and pressunzed 
wkmg without spacesuits ,6d 
- ^ dovp| opment is financed by 
10 European nations unde: agree- 

men s conctuded with the F,,ropean 

vjpace Agency ESA) 

Spacelab will be carried in the caroo 

bay of the Space Shuttle Orb toMhe 

mio tarth orbit to conduct assigned 
activities and afterwards is brouciht 

IheSh ru rih la '’ dingl '^anTptone 
l hi Shuttle is scheduled to begin 

opt 'rational round trips between the 

ground and Earth orbit in 1980 Per 

Sn!aer Pa , ra ' ,Ve,Veas V‘ ,npf '‘'- 

duont access to space for people 

SSt and H SPaCeCra "’ " w also 
expected to reduce the expense and 

mission requirements Its two principal 
components are the pressurized 
module which provides a laboratory 
with a shirt-sleeve working environ- 
men, and the open pallet that oxmses 
materials and equipment directly to 
soace Each module ,s segmented 

Permitting additional flex, Sfy ® ' 

Principal Components of Spacelab 


The pressurized module, or labora- 
ory. comes in two segments One. ' 

Optica) Window » 

, \ Module 


oo!unn h f, C ° re segment - contains sup- 
Poding subsystems such as data 

Kh me n 9 equ,pment and utilities for 
com the pressurized modules and the 

S'? «»taSr 

such as floor-mounted racks and work 

Sin: s s a r s r ,es a " d Wwa* 

working space The second, called the 
experiment segment, is used To provide 
more working laboratory space It con- 
tains only floor-mounted racks and 

S S th? enon,yonpse «' lre nn, 
nwded. the core segment is used 

It Inn f * Ct s ^ men,s - each 3m ( to 

long, are available Each pallet 
* " ol only a P'altorm for mounting 
instrumentation but also can cool 
equipment, provide electrical power 
and furnish connections for command- 
ing and acquiring data from the exoen 
moots When only pallets are usIdThe 

S™ bSVSIemS ' 0 ' Su ^8 

etcTamtr *♦ ‘ POW£ ’' c °mmun, cation, 
etc are protected in a small pres- 
surized and temperature-controlled 
housing called an igloo. 

The pallets are designed for larq e 

dirS « en,S expenm ents requiring 
flirect exposure to the space environ- 

brnartT m° S ° needin 0 unobstructed or 
broad fields of view Such equipment 
includes telescopes, antennas and 

opacelab is expected to make siomt- 
rm« c P" ,r, butions to science me<S- 
c ne. industrial processing and many 
other valuable fields In perspective 
however, the most important result of 
his international space laboratory 
may wet! be the great step forward (hat 
represents toward global coopera- 

examnit Pa n " IS a " out stand,ng 
exam p| e of flow peoples of many lands 
can unite then talents and resources ' 

taSt SDaceB,olec,stote ’'' , “ 



I xperiment 

X) merit 


Segment 


Orbfer Attach i,(|, ngs 


Panel 

Segment 
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Exploring the Inner Planets 
(Mercury, Venus, Earth. Mars) 


In the approximately 20 years of the 
Space Age knowledge about tne solar 
system has advanced farther than in 
all the previous centuries since civiliza- 
tion began Revolutionary views of the 
planets have been provided mostly by 
NASA Mariner Pioneer, arid Viking 
spacecraft and also by NASA-supported 
telescopic, balloon, sounding rocket 
and high altitude aircraft studies 

Mercury 

Even the best telescopic views from 
Earth have shown Mercury as an in- 
distinct blob lacking in surface deta.l 
The planet is so close to the Sun that 
it is usually swallowed up in the Sun s 
glare Although Mercury may be seen 
briefly on Eartn s horizon just after sun- 
set or before dawn, it is obscured by 
haze and dust in Earth s atmosphere 
Radar telescopes, however, indicate 
a rough and possibly cratered surface 
Now, thanks to NASA s Manner 10 
spacecraft, sharp pictures of about 
half of Mercury s surface and much 
other new information about the planet 
are available The pictures r evea! a 
desolate heavily cratered surface, the 
scars of impacts of huge meteorites 
that occurred billions of years ago In 


many respects, the surface resembles 
that of our Moon No volcanic activity 
or atmospheric erosion has occurred 
apparently since early m Mercury s 
lifetime, more than 3 billion years ago 
A surface phenomenon apparently 
unique to Mercury also was discovered 
It appears, that as Mercury s interior 
cooled and shrank, it compressed the 
planet s crust, creating huge scarps 
(cliffs) that crisscross the planet The 
scarps are as high as two kilometers 
( 1 2 miles) and as long as 1500 kilo- 
meteis 900 miles). 

Mercury, nke the Earth, appears to 
have a crust of tight silicate rock Sili- 
cates weigh about three times as much 
as water The average density of Mer- 
cury is about 5 5 that of water To reacn 
tms kmd of average density. Mercury 
must have a heavy iron-rich core that 
makes up half of its volume In com- 
parison. Earth s core is 25 per cent of 
its volume 

Mariner discovered a trace of an 
atmosphere cn Mercury A trillionth the 
density of Earth s. it is composed 
chiefly of argon, neon, and helium 
A surprising discovery was a Mer- 
curian magnetic field Scientists 1 is jally 
associate magnetic fields with motions 
of fluids in a planet s core The motions 
are believed to be caused by the 
planet s rapid rotation 
Mercury s nearly 59-day period of 
rotation, amounting to a spin rate at the 


equator of about 10 kilometers (6 
miles) per hour-Eadh s spin rate is 
1600 kilometers (1000 miles) per hour 
at the equator— can hardly be called 
rapid Among other things, the exist- 
ence of Mercury's magnetic field n isos 
questions about magnetic field * leones 

Mercury s magnetic field is only a 
hundredth the magnitude of Earth s 
II can divert the solar wind (hot elec- 
trified hydrogen gas particles rushing 
from the Sun) but cannot capture 
atomic particle radiation and create an 
intense radiation zone like the Van 
Allen one around Earth Atomic par- 
ticle radiation is generated principally 
by the Sun and other stars It consists 
of atomic nuclei, protons, and elec- 
trons. 

Mariner 10 reported Mercury tem- 
peratures ranging from 510°C (950 F) 
on the sunnt side to 210”C( 350 F) 
on the dark side The planet is literally 
baked by day and frozen by night 

Life on Mercury is out of the ques- 
tion because of the absence of water, 
temperature extremes, and lack of 
livable atmosphere 

Mariner 10 swept nearby and 
gathered information about Mercury 
three times March 29 and September 
21. 1974, and March 16. 1975 After- 
wards, it literally ran out of gas— the 
cold nitrogen gas that was needed to 
orient the craft for pointing its cameras 
and other sensors at Mercury 
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up most meteors before they strike 
Eailh 

Earth s surface shudders with lethal 
earthquakes and volcanic eruptions. 

Its atmosphere and oceans, which are 
hospitable to life, from time to time 
create dost r ictive hurricanes and other 
violent windstorms, blizzards, slee; 
and hail Towering tidal waves and 
floods sometimes rush across the land 
destroying all in their paths Seething 
electrical discharges called lightning 
may strike deadly blows Wastelands 
of deserts and ice covoi significant 
paitsol the planet Prolonged droughts 

anti flash floods 'iccui from time to time 
But life is tenacious and grasping 
and can establish itself despite ob- 
stacles. where the conditions for life 
are suitable And Earth s conditions 
ate anti have been suitable 
Satellites have added to Knowledge 
about and are bringing many benr - 
fits to our planet We now know, 
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In close-up pictures taken ey Mariner 
10. Venus topmost clout Is appea, to 
circle the planet about 60 times faster 
than the planet rotates The clouds tool 
like cirrus clouds over Earth but there 
the resemblance ends NASA high 
altitude aircraft studies show that ihe 
topmost clouds of Venus are made up 
of droplets cf corrosive sulphuric acid 
lathei than wafer-ice particles as cirrus 
clouds of Earth 

Venus atmosphere interacts with the 
solar wind to form an ionosphere nn 
electufied part of the atmosphere). 
Earth s ionosphere is formed by inter- 
action of solar ultraviolet light and air 
molecules The resulting Venusian 
ionosphere diverts most of the solar 
wind around Venus In contrast, the 
solar wind is deflected around Earth 
bv Earth s magnetic field 
Manner 10 confirmed previous ob- 
servations by Mariners 2 and 5 that 
Venus atmosphere is about 95 per cent 
carbon dioxide and that Venus surface 
air pressure is about 100 times Earth s 
Moreover. th? thick carbon dioxide 
atmosphere acts like a one-way valve 
admitting sunlight but trapping out- 
going infrared (heat) radiation, creat- 
ing what Is popularly termed the 
greenhouse effect This effect is 
responsible for the planet s high tem- 
peiature which at Venus surface is 
about 450 C (900 F) hot enough to 
melt lead The atmosphere appeals to 
Circulate this heat around the planet 
as Manners instruments indicate no 
significant difference in temperature 
between Venus day and night sides 
Two Soviet Venera spacecraft landed 
on and reported from different regions 
of Venus before the spacecraft were 
rendered inoperable by the crushing 
pressures and scorching temperatures 
Physical and chemical data from the 
spacecr ift such as the lack of appreci- 
able winds and water indicate a geo- 
fT.erphically inactive Venusian environ- 
ment-one in which geology is rel- 
atively fixed The pictures, however 
show fractured rock and apparent 
downward movement of ock frag- 
monts, rounded rock edges, and pitted 
lock surfaces These features would 
indicate a geomorphically active en- 
vironment Thus, this slight lifting of 
the veil from Venus has raised new 
questions about its surface 


Earth 

From space. Ear'h is characterized by 
its biue waters and white clouds that 
covei a major portion of the planet 
Earth is surrounded by an ocen of 
air consisting of 78 per cent nitrogen 
21 per cent oxygen, and 1 per cent 
argon, neon, and other gases Atmos- 
pheric piessure is about 1033 grams 
per square centimeter 1 14 7 pounds 
per squaie inch) at sea level Tem- 
peratures range from a maximum of 
about 60 C , 1 40 F) n places along 
the equator to a minimum of 90 be- 
low zero ’ v 1 30 below zero F) in its 
polar regions In between, tempera- 
tures. .ire more benign Earth spins 
rapidly and has a molten core, giving 
rise to an extensive magnetic field 
The atmosphere and magnetic field 
shield us from nearly all of the hai ni- 
hil radiation coming from the Sun and 
other stars and rhe atmosphere bur. is 
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through them, that Earth is surrounded 
by an intense radiation zone, called 
the Van Allen Radiation Region We 
know that our magnetic field tends to 
arrange itself like the iron filings 
around a bar magnet but is distorted 
into a teardrop shape by the solai wmu 
The narrow end of Earth s magnetic 
field points away from the Sun We 
know that the magnetic field does not 
fade off into space but has definite- 
boundaries And we know that our 
wispy upper atmosphere, once be- 
lieved calm and quiescent, is not so 
at all It seethes with activity It swells 
by day and contracts by night and does 
the same with the rise and fall of solar 
activity Its properties differ from 
place to place over Earth It contributes 
to weather and climate 
Earth has a single Moon The Moon s 
diameter is about a fourth of Earth s. 
NASA s Apollo expeditions have ex- 
plored the Moon, As a result, we know 
that the Moon has had no significant 
volcanic activity for at least three bil- 
lion years We know what the surface 
of the Moon is made of. and sur- 
prisingly. it is a lot like Earth s. but 
the Moon has only a trace of an atmos- 
phere and that consists of solar wma 
particles captureu om the Sun It has 
no magnetic field It has no water, 
either free or chemically combined in 
rocks It has no signs of life, past or 
present, nor even organic substances 
that would indicate that life processes 
had started but been aborted by the 
Moon s temperature extremes, lack of 
atmosphere. <ind absence of water 
Essentially, the Moon appears to be a 
fossil whose study is telling us about 
the history of Earth, Sun. and the solar 
system However, there is as yet insuf- 
ficient data on which to base a deter- 
mination of the Moon s origin 

Mars 

Features of Mars hostile or conduc.ve 
to life, as indicated by NASA s Viking 
spacecraft, are summarized below 

Support Life 

Atmospheric components include all 
elements needed for life: nitrogen, 
carbon, oxygen, and water vapor 

The polar icecaps contain substantial 
quantities of water 


Summertime noon temperatures at the 
equator are about 27°C (80 F) 

Hostile To Life 

Atmospheric pressure at best is only 1 
per cent of Earth s Air so thin is found 
at Earth s a. etude of about 32 kilo- 
meters (20 miles) Air this thin causes 
an animal s blood to boil 

There is not enough ozone in the Mar- 
tian ozone region to ward off lethal 
solar ultraviolet radiation (A thick 
ozone layer shields life on Earth s sur- 
face from this harmful radiation) 

Liquid water would vaporize instantly 
in Mars thin atmosphere 

Equatorial tempera*ure falls as low as 
about 1 00 ’ below zero C 1 1 50 below 
zero F) at night 


Viking landers soil samples exhibited 
chemical reactions suggesting but net 
necessarily proving existence of life, 
as these reactions could also be the 
result of non-living processes Disap- 
pointing to life scientists was the 
absence of evidence of organic mole- 
cules. a key mdicatoi of past or present 
life or that evolution toward living 
things has at least begun 
Viking could not crack open Martian 
rocks in its search for life Back on 
Earth, however, scientists studying the 
bleak Antarctic Continent broke open 
rocks from Antarctica s Dry Valleys 
The Dry Valleys had long been regard- 
ed as lifeless No animal life is visible 
on the bare cliffs of the Valleys Mi- 
crobiological investigation of Valley 
soil revealed no native microbial life 
When certain rocks from the Dry Val- 
leys were broken coen. however, they 
were found to contain microorganisms 
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Other NASA laboratory and Antarctic 
field studies indicate that some Earth 
lichens bacteria algae, and fungi could 
withstand the severe Martian environ- 
ment Viking evidence indicates that 
Ihis environment could have been 
more hospitable to life in the past 
Physical features looking like shore- 
lines. gorges and riverbeds may mean 
(hat great rivers once flowed on Mars 
Atmospheric analyses indicate that 
Mars atmosphere could have been 
at some past time 10 to 1 00 times as 
dense as today Such an atmosphere 
would have permitted water to flow 
and possibly plants and animals to grow 
The lack of rainfall and the ubiquitous 
winds keep an appreciable amount of 
dust in the Martian air Martian soil 
appears to contain a high proportion of 
red iron oxide The iron-rich dust in 
the air gives the Martian sky a pinkish 
hue The heavy concentration of iron 


oxide in the soil makes Mars the Red 
Planet 

Mars is the geologists paradise 
Among its features 

Valles Mai mens. an approximately 
5000-kilometer 1 3000-mile/ long 6 4- 
kilometer 1 4 -mile) deep canyon that 
would stretch from east Jo west across 
the entire United States 

Olympus Mens is a volcanic mountain 
that rises 24 kilometers (15 miles) 
above the Martian plains, three times 
the distance from sea level to Earth s 
highest peak Mount Everest The vol- 
cano s nearly 540-kilometer (325-mile) 
diamoler circular base is twice as wide 
as that which forms the main islands of 
the Hawaiian chain, the biggest vol- 
canic pile on Earth 

A chaotic region about the size of Alas- 


ka it is characterized by short ridges, 
slumped valleys, and other irrpguiai 
features that resemble the after- 
ofte * of a quake or landslide No- 
whi . on Earth is a comparable fea- 
ture so vast Could it be a result of 
surface collapse due to melting and 
escape eons ago of subsurface 
permafrost? 

Global bust storms Only on Mars do 
such storms cover the planet 

Heavily cratered areas that seem little 
changed in billions of years 

Close-up photos of Mars two tiny 
moons. Demies and Phobos. show 
them to be pockmarked with craters 
made by impacts of smaller bodies 
Phobus appears particularly interest- 
ing for two reasons It is extensively 
fractured, and some scientists be- 
lieve lhal it is being gradually broken 
up by meteorite impacts and by tidal 
stresses as it orbits Mars 
Another reason is that it seems to 
resemble in some ways carbonaceous 
chondrite meteorites found on Earth 
These meteorites contain amino acids 
a group of organic compounds from 
which living matter is built up More- 
over. they contain a comparative abun- 
dance of water in various chemical 
combinations Some scientists say 
that carbonaceous chondrite mete- 
orites underwent little change from the 
time they coalesced out of the nebula 
from which our solar system formed 
until they entered Earth s environ- 
ment. 


Exploring the Outermost Planets 
(Saturn. Uranus. Neptune, Pluto 
and ?) 


Beyond Mars, the nature of the Solar 
System and its planets changes 
drastically Distances between the 
planets are very much greater For 
example the distance between Jupi- 
ter and Saturn is more than eight times 
the distance between Earth and Mars 
between Saturn and Uranus, about 
double that between Jupiter and 
Saturn Moreover (with the exception 
of Pluto, which is believed to be an 
escaped satellite of Neptune), the 
outermost planets are immense in 
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size and extremely low in density 
The outermost planets are tor the 
most part shrouded in mystery NASA- 
supported ground, aircraft, balloon 
and sounding rocket studies are aimed 
at advancing knowledge about these 
planets NASA s Space Telescope 
planned for the 1980s. and space- 
craft flown to these planets can con- 
tnbute significantly to such advances 

Saturn 

Lass than 200 years age. Saturn orbit- 
ing nearly 1 1 2 billion kilometers (900 
million miles) from the Sun, was still 
the farthest planet known to man As 
the second largest planet in the Solar 
System and until recently, the only 
known ringed one. it ranks high in 
beauty and interest 
With a mass 95 2 times and a volume 
815 times that of Earth. Saturn is very 
low in density In fact. Saturn s den- 
sity is only 0 7 that of water 
Telescopic pictures of Saturn show 
fa;nt cloud bands reminiscent of those 
visible on Jupiter Spots akin to those 
on Jupiter have come and gone on 
Saturn Ti.ey were comparatively small 
and bareiy discernible Saturn s bland 
appearance compared to Jupiter s could 
be due to either less atmospheric 
activity than on Jupiter or an overlay- 
ing atmospheric haze 
Hydrogen has been identified as 
Saturn s major atmospheric component 
Trace quantities of methane, ammonia, 
and ethane also have been identified 
Helium is believed to be present as 
the outer planets are theorized to be 
composed of the same basic elements 
as the Sun. 

Saturn like Jupiter, appears to radi- 
ate more heat than it receives from the 
Sun This could be left over from the 
primordial heal that was accumulated 
during planetary formation or result 
from gravitational contraction 
An Earth-orbiting satellite has picked 
up natural radio emissions beueved to 
come from Saturn Such emissions 
could mean that Saturn has a magnetic 
field and a field of trapped atomic pai - 
tides like the Van Allen Radiation 
Region around Earth 

Saturn is most well known for its 
rings Three can be discerned They 
begin about 1 7.000 km (10,000 mi 
from the planet s cloud tops The 
outermost ring ranges as much as 


1 6 000 km (48 000 mi.) from the visible 
cloud tops The rings appeal to bo 
made up primarily of water, ice oi ice- 
covered silicate particles Sizes of the 
ring particles are unknown but. based 
on observations, it is theorized that 
their sizes range from a centimeter to 
a meter 

The origin of the rings is also un- 
known. but it is hypothesized that they 
could be the remains either of a satel- 
lite lhat got too close to Saturn and 
was torn to pieces or of the cloud of 
dust and gas from which Saturn and 
its satellites were formed The density 
of particles in the rings is considered 
great enough for the rings to pose a 
hazard to spacecraft 
Like Jupiter, Saturn is believed to 
have no solid surface A popular con- 
ception of the planet depicts it as 
gradually changing inward to progres- 
sively denser layers of gaseous and 
then liquid hydrogen that encompass 
a comparatively small iron-silicate 
core. 

Saturn has 10 known satellites One. 
Titan, has gained widespread interest 
because of its size and the fact that 
it has an atmosphere Titan is the 
largest satellite in the Solar System 
and larger than the planet Mercury 
Titan has a diameter of 5800 km 
(3600 mi.) 

The extent of Titan s atmosphere is 
debated by scientists Some scientists 
theorize that air pressure on Titan s 
surface is comparable to that on Earth 
Identifiable components of Titan s 
atmosphere are methane, ethane and 
acetylene 

Some sort of chemical reaction 
caused by solar radiation appears to 
have taken place in Titan s atmosphere, 
according to spectroscopic studies 
One suggestion is that solar radiation 
acting on methane, has produced poly- 
mers that have intensified a green- 
house effect on Titan This could mean, 
according to the theorists, that Tit?” 
has accumulated enough heat from 
the meager sunlight reaching it over 
the past few billion years to warm its 
air and surface Thus, conditions on 
Titan might be favorable for develop- 
ment of pre-life organic compounds or 
primitive life forms 

The theory for the favorable tem- 
perature on Titan assumes that the 
atmosphere lets sunlight reach the sur- 
face but restricts the passage of heat 


radiation from the warmed surface 
into space In effect, heat radiating 
from Titan has been trapped, causing 
the temperature to rise on Titan s sur- 
face and in its lower atmosphere 

Uranus 

Uranus was discovered less than 200 
years ago Like Jupiter and Saturn, 
the principal constituents of Uranus 
are thought to be hydrogen and helium 
Methane has been observed in its 
atmosphere, which is very clear and 
deep No distinctive atmospheric mark- 
ings such as in the Jovian and Saturn- 
ian atmospheres can be discerned 
The structure theorized for Uranus 
is a core of rock and metal surrounded 
by layers of ice, liquid hydrogen, and 
gaseous hydrogen in the order named 
There is no clear boundary between 
the liquid and gaseous hydrogen layers 
Instead, as the hydrogen becomes 
progressively less dense with increas- 
ing distance from the core, it tends to 
change from a liquid to a gas This 
theory about the structure of Uranus 
is derived from the hypothesis that 
the planets were initially formed by 
accretion of rocky and metallic ma- 
terial and ice around which gases ac- 
cumulated 

Uranus has nine faint rings The dis- 
covery of rings around Uranus by a 
NASA airborne observatorv in 1977 is 
considered the first major Sola, System 
structure to be found since Pluto in 
1930 

Uranus rings circle the planet at 
altitudes from about 18.000 to 25.000 
km ( 1 1 000 to 15,400 mi.) above 
Uranus visible cloud tops 

Neptune 

Orbiting more than 1 1/2 billion km 
1 900 million mi ) out in space than 
Uranus. Neptune was discovered less 
than i50 years ago Neptune is some- 
what smaller but more massive and 
much denser than Uranus 
Neptune, like Uranus, has a very 
deep atmosphere Methane has been 
detected in this atmosphere Hydrogen 
and helium are believed to be the 
planet s principal constituents 
The popular model of Ncpiune is 
like that of Uranus Inward from its 
thin ouier atmosphere. Neptune is 
made up of progressively denser lay- 
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Zl 0i °T> and ,hen l,qu,cls Princi- 
pally hydrogen that surround a layer 
or ice and an iron-silicate core 
.Neptune has two known satellites 
One of them. Triton, seems to be or- 
biting so close to Neptune mat it ap- 
pears in danger of being torn apart 
by Neptune s gravity 


Nearly a half century after its dis- 
covery. Pluto which orbits as far as 

6 4 blll,on km 14 b " ,,or ' mi.) from 
tdith. continues to be a mystery At 
the present time, it has looped ms.de 
o Neptune s orbit and by 1939 will be 
a ttle more than 4 billion km (2 1 2 
billion mi ) from Earth, its closest dis- 
tance in about 250 years 
A moon recently was discovered 
circling Pluto This means that of the 
nine planets, only Mercury and Venus 
the two nearest the Sun. do not have 
natural satellites 

The estimate of Pluto , size has been 
based upon reflection of sunlight from 
a supposedly silicate surface This 
estimate gives Pluto a mean equatorial 
diameter of about 6400 km (approxi- 
mately 4000 mi.), or roughly half of 
Earth s A recent NASA-supported 

mafm f 0nal s,udyof p,ut0 'Hdicates 

re £££? IS COvered w,,h methane 

he.. M ?! hane ICG ie,lect s light much 
better than silicates 

Considering the covering of methane 
ice experimenters calculated that 
Pluto s diameter could be less than our 
Moon s which is about 3475 km 

(roughly 2160 mi ) 

An implication with even more in- 
terest is the recalculation of Pluto s 
mass, considering that the methane- 
ice-coyered surface appears to be lhat 
expected for a low temperature con- 
densate in the outer solar nebula 
Scientists report that Pluto's composi- 
tion could be dominated, like most 
outer planet satellites, by frozen vola- 
tiles (methane, ammonia, and other 
<ght gases). If this is so. they calcu- 
late its mass at a few thousandths 
rather than about 0 11 cf Earth s as 
currently estimated 

The Tenth Planet? 

The recalculated mass of Pluto, sci- 
entists say. would be too little to per- 
turb measurably the motions of Uranus 


and Neptune, perturbations which led 
astronomers to search for and find 
Pluto This means that other influences 
^re resins, b'e f°r mesudev.at.ons 
Ci uld there be a massive planet far 

SuCh 3 bod y has teen 
detected ^ S ° m8 saen " s,s tet never 

No massive body but a comparatively 
small object orbiting the Sun recently 
was discovered under a NASA- 
supported observatory program The 
object, named Chiron by its d.s- 

18 m D an ° rb " between Uranus 
and Saturn Based on its brightness 
and probable composition, the di- 
ameter of the object has been esti- 
mated at no more than about 640 km 
400 mi ; The object aoes not appear 
to be a comet or satellite. It may be 
part of an undiscovered second as- 
keroid be" The object is so small and 
so far away that it will take some time 
before it can be more clearly identified. 

Supportive Organizations 

Among NASA s supportive orgamza- 
tions— some student oriented-with an 
interest in the future of aeronautics 
and space exploration are: 

American Institute of Aeronautics and 
Astronautics 

1290 Avenue of the Americas 
New York, NY 10019 



The American Society for Aerospau- 
Education 
Suite 432 

821 15fh Street NW 
Washington DC 20005 
(Puolishes monthly September through 
May Journal ol AeroSpace EducaUon 

Industries Association 
1 725 De Sales Street, NW 
Washington. DC 20036 

National Space Insti'ute 
Suite 408 

1911 Ft Myer Drive 
Arlington. VA 22209 

American Association for the 
Advancement of Science (AAAS) 

1515 Massachusetts Ave NW 
Washington. DC 20005 

Forum for the Advancement of 

P“FAlsTf C,enCCa '’ 0Te<:h " OlW 

2039 M Street. NW 
V Washington. DC 20036 
I A;’ST woiks with both technical and 
iic. '-technical students to demonstrate 
available technical options and the 
social implications involved .n science 
issues) FASSTis an AAAS aff, hate 
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Inventions 


Ideas designs inventions and related 
data should be directed to 

NASA Inventions and Contributions 
Board 

NB-9 NASA Headquarters 
Washington DC 20546 

Designs must be to scale, in pen and 
ink and accompanied by complete 
technical description in order to be 
processed 


Sources of Information 


Reading Room 

NASA Headquarters Information Cen- 
ter, 600 Independence Avenue. SW 
Washington, DC 20546 Phone 202 
755-2320 

Contract and Small Business 
Information 

Inquiries regarding contracting or small 
business opportunities with NASA 
should be directed to the NASA Small 
Business Advisor and Industry Assist- 
ance Officer, NASA Headquarters, 

HB-l Office of Procurement. Washing- 
ton. DC 20546 Phone 202 755-2288 


Speakers, Films. Publications and 
Exhibit Services 


Several publications concerning these 
services can be obtained by contact- 
ing the Public Affairs Officer of the 
nearest NASA installation Publications 
include NASA Film List and NASA 
Educational Publications List NASA 
Headquarters telephone directory, 
certain NASA publications, and NASA 
picture sets are available for sale from 
the Superintendent of Documents. 
Government Printing Office, Washing- 
ton. DC 20402 Telephone directories 
for NASA field installations are avail- 
able only from the installations NASA 
publications and documents net avail- 
able for sale from the Superintendent 
of Documents or the National Techni- 
cal Information Service (Springfield. 

VA 22151). may be obtained from 
NASA installation Information Centers 


in accordance with the NASA regula- 
tion concerning freedom of informa- 
tion (14 CFR 1206) 


How to Obtain Official NASA 
Photographs 


Official NASA photographs are dis- 
tributed free only to the news media 
They are available, however, for pur- 
chase from NASA s contract labora- 
tories Bara Photographs Inc . PO 
Box 486 Bladensburg MD 20710 or 
AB Service Corporation, P O Box 
58425. Houston. TX 77058 A catalog 
of available photos may be obtained by 
writing either Bara, AB or LFB-10 
Audiovisual Services Branch. NASA 
Headquarters. Washington. DC 20546 
Both color and black-and-white ma- 
terial is available 

Radio and TV stations Only may write 
tor NASA tape and film spots and fea- 
tures to Joseph L Headlee. LFB/8, 
NASA Hq . Washington, DC 20546 


Souvenirs. Models. Mission 
Patches. Maps. NASA-Related 
Novelties 


These items may be obtained at many 
commercial outlets (hobby novelty 
specialty). NASA does not. for bud- 
getary reasons, distribute them They 
may be purchased at NASA Employee 
Stores at the agency s principal centers 
isee listing of centers) by writing for 
price lists A wide selection is stocked 
by the Gift Shop of the National Air 
and Space Museum. Smithsonian In- 
stitution. Washington. DC 20560 
Possible sources for items not avail- 
able free from NASA are:* 

Scientific and Technical Information 
( Mission-Technical Reports): 

National T jchnical Information Service, 
Port Royal Road. Springfield. VA 22151 

Spacecraft Models: 

(Sold in model and hobby shops, 
specialty stores) 

Revel I, Inc 4288 Glencoe Avenue. 
Venice. CA 90291 

Precise Models. Inc . Elyria. OH 40035 
Centuri Engineering Co . 3053 West 


Fairmont. Phoenix AZ 8501 7 
Estes Industries. Inc Penrose CO 
81240 

Gift Shop National Air & Space 
Museum SI Washington. DC 20560 

Emblems. Patches Etc. 

Space Photos. 2608 Sunset Boulevard. 
Houston. TX 77005 
Space Age Enterprises. P O Box 
58127. Houston TX 77058 
National Medallion Company, Inc . P O 
Box 58127. Houston, TX 77058 
Visitor Information Center. Johnson 
Space Center. Houston, TX 77058 
NASA Tours. TWA-810 Kennedy Space 
''enter. FL 32899 

Communications Association Corp.. 

250 Babcock Street, Melbourne, FL 
32925 

Gift Shop. National Air & Space 
Museum. SI, Washington. DC 20560 

Stamps: 

Houston Philatelic Society. P O Box 
52880. Houston TX 77052 
JSC Stamp Club. P O Box 58328 
Houston. TX 77058 

Gift Shop. National Air & Space 
Museum SI. Washington. DC 20560 

Moon Maps: 

Superintendent of Documents. U S 
Government Printmq Office Washing- 
ton. DC 20402 

Planetary Data 

Smithsonian Astrophysical Observa- 
tory. 60 Garden Street. Cambridge, MA 
02138 

8mm Movies: 

Joe Bomca. Movie Newsreels 1621 
Cahuenga Boulevard, Hollywood, CA 
90028 

National Audio V.sual Record Center. 
National Archives Record Center. 
Washington. DC 20409 

Space Type Foods 
Ricn-Moor Corp.. 616 North Robert- 
son. Los Angele:', CA 90069 
Oregon Freeze- Dry Foods. Inc.. P O 
Box 666. Albany. OR 97321 
G, Armanmo & Sons. Inc.. 1970 Carroll 
Avenue. San Francisco. CA 94124 
Sam-Andy. Mini-Moisture Foods, P O 
Box 2125, Beaumont. CA 92223 
Epicure Foods. Inc.. 480 U S Route 
46, South Hackensack NJ 07606 


fommemorative Medals 

/is & < ' om P an y P O Bo* 

7,9 Attleboro, MA 02703 

Enterprises. PO Bo* 
=>012/ Houston TX 77058 

?Z% SyS,e ~ lnfomia t'on. Planetary 
Locations. Charts. Etc • v 

&W2WJW,,, 

The Planetarium Director. Houston 

Pa* Hn ° f Nat rv al Sc,ence Hermann 
Park, Houston, TX 77002 

Note: This list is furnished as a service 
only It does not imply that NASA en- 
dorses these sources Also, there may 
be other outlets that offer similar p,od- 
ucrs or services 

Why Explore Space? 

ouS; oo,ne ' 0 " enAsked 


The exploration of space is producinq 
practical benefits in the form of 

^^ 9e ~ Exp,ora, ' on advances 
scientific and technical knowledge and 
thus contributes to understanding and 
improving |,f e on Earth 

Applications— Spacecraft are already 
in constant service for communica- 
tions. navigation weather observa- 
tions, and Earth environmental surveys 

Technology— pr og r ess sfimu'ated by 
the space program is contributing to 
advances in medicine, transportation 
electronics, manufacturing, and nearly 
every other form of human activity 

exnxnn ICS 7 The Space pr °9 ram helps 

lahno a C l hn0l09 '“ l base - stimu- 
lating the development of improved 

products and processes that increase 
our ability to compete in world mar- 
kets In this way. the program makes a 
s.gmficant contribution to the export 
or plus, side of our balance ofhade 

What does the Space Program cost me 
as an individual ? 

About one cent of each Federal tax 
dollar goes to the space program 


Why not use some ot the money spent 
on space to solve social prot)lems such 
as hunger, poverty, ill health, and 
pollution? 

The Federal Government is already 
spendmg over $100 billion a year on 
ocial programs including those to 
® nn ® poverty improve health, con- 
trol pollution and eliminate hunger 
This is over 40 per cent of the national 

Kha 10 Contrast ' ac,ual spending 
for space accounts for less than 2 oer- 

frnm2 ?hGbUd9e ' ^er, funds 
. “ J 6 s ,? acc program would not add 
s gmficantly to the budget for social 
programs, but it would be a severe 
Wow to the advances in technology 
adtan°*? h of knowledge. the economic 
me i!, 9 and ,he P ract| cal bene- 
fits produced by the space program 

Can I obtain actual spacecraft items 
from NASA? 

er°nf H ™ dW f re a " d ° ther ,tems 'ong- 

er of operational use usually go to 
public institutions or museums for 
isplay so that the maximum number 

deSl maV S6e ,hem F " 9ht P ,ans 

Sc ,ranscr,pts and printed ma- 
teria.s are prepared in limited quantity 
for distribution only to analysts investi- 
gators. engineers and other personnel 
on a need-to-know basis. 

How much does a spacecraft weigh in 
space? 


?nn Craft in 0rblt around Ear( h is 

afso Mi?oH in 3 Sfate ° f we ’9ht | essness, 
f.?° ca , ed 2P r o-gravity or zero-g 
Weightlessness does not mean that 

9 ; a l y ° f Ear ' h has d,sa PP ear ed 
or that the spacecraft and its contents 

fhat 3Ve m K SS Rather ,f means 
iuhiim T' 9htless ^cecraft is 

the voS ° Ply t0 9rav,,y but also to 
the velocity imparted by its launch 

™ hlch balances the force of 
gravity This produces apparent lack of 
gravitational pull hence zerlg Put 
another way, gravity and the motion of 
the spacecraft interact to hold the 

lec^Th 31 ' m 0rb,t where ,f ,s weight- 
less The spacecraft s movement may 

butwm^h^ 3S ' allin 9 ,oward Earfh V 
but with the curved surface of Earth 

falling away from its path so that it 
continues to fall around Earfh Every- 
thing in the spacecraft is also weighh 


as 's anything which separates 

an*,«c [ We ' eh,less condition also 
applies to spacecraft on long journeys 
between planets because they are ef- 
fectively falling freely in the gravita- 
tional field of the Sun 

How hot or cold does it get m space? 

<n space around Earth, mcludmq the 

neat up to about 121° C/P'.n . ,r 

shielded jrom the Sun. objects cool T 
as low aS minus 156 C (minus 250 
F Astronauts in protective suits or in 

21 27 ra r C 7^!fln xpenence a s,eady 

21 to 27 C( 70-80 F) as long as 
proSr a |y C ° n,r01 SyStGmS 3re workin 9 

How does the Space Shuttle space 
suit differ from previous models ? 

The Shuttle backpack life support sys- 

ki 3r , ess bulky and m ore com- 
fodable It is also more versatile and 
easier to manage In previous pro- 
grams. an entirely new space suit was 
worn on each flight and was custom- 
ailored to fit each astronaut 3ut Shut- 
tle suits will come in standard pieces 

oSff n COmb,ne t0 either male 
°-!® male crew members of different 

rirf S B . ecause ,hese pieces may be 
repaired and reused for six years or 
more, it will cost much less to outfit 
our astronauts 

How were NASA program names 

A,Z!n Ur \ Gemini - V °y^ er V'Hng. 

Apolloi chosen? 

Officials considered various suggested 
names and finally agreed on one 9 
Sometimes the names were desenp- 

« as f ky,ab and Space Shut- 
. Gemini --Laf<n for twins -referred 
h \! faCl ,hat Ibe Gemini spacecraft 
held two astronauts Names such as 

^m£!i y ?l 1rt Apo "° W(?re much more 
symbolic than descriptive 
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Aeronautical Research At NASA 


Quiet comfortable, convenient safe 
and economical air transportation m a 
time of steadily rising costs and growing 
fuet scrarones are some of the vital 9 

aeronautics are helping to meet 

mo rJttiln S Cht ?" en9es continues 
more than 60 years of NASA aeronau- 
tical research-research that has con- 
tnbuted significantly to United States 
and « eadersh,p ,n ,he development 
Thm C ' V " and m,l,,ar y a,r craft 
lanr S research wind tunnel simu- 
lations. ana experimental flight pro- 
grams, NASA scientists engineers, and 
test pilots work closely with U S indus- 

aaenr^s r p t,eS a ° d 0,her 90vernment 
mo Cfi Programs and protects span 
the atmosphenc flight spectrum from 
hovering to hypersonic flight and from 
sea level to the stratosphei e 
New designs, materials and tech- 
nology are pointing the way toward 
major reductions in aircraft no.se and 
airport congestion Other scientific 

XS? Pr0bG ,he h '9 h - sp eed end 
ot the flight regime, developing the 

smMh° econom,ca "y fy faster and 


Noise Abatement 


Research on jet engines is helpmq to 
decrease substantially the noise levels 
of aircrait to make them better neigh- 
bor so that aircraft can use airports 
neat cities and residential communities 
^ n ° ( r ; ,c>d ° or ,r avel time for passengers 

waca be f hortened significantly 

NASA is also experimenting with 
steeper and curved landing approac ■■ s 
which keep aircraft higher over popu- 
atect areas, thus lessening the noise 
that reaches airport communities 





* j, 


T 'It Rotor 


V/STOL Research 


Other NASA efforts are paving the way 

for development of safe, clean c.uiet 

and efficient jet V STOL (vert.ca and 
short takeoff and landing) aircrah for 
commercial airline service V/STOL air* 

a ai) eS ^ e< ?w r,n ? Sh °" runwa ys ; or none 
ft ail., could reduce substantially the 


congestion and delays at major U S air- 
TOrts and the need for addihonal large 

woE.J, Sh ' ft !° V STOL operations 
uld also permit fuller utilization of 
the present large me. tropolitan jetports 

aVn\lr! C ° nUnenm ^ transop ^n,c 
Smaller less-congested V STOL 
a ' rp< ?. rtspould he developed for mter- 
cay flights of less than 500 miles which 

ahafnTT f ° r abOL " 80 pe,cent °f 

all air travel and are expected to about 
triple in another decade V STOl 
Quietports could be designed into 
community town areas, providing a wel- 
come convenience for air travelers 
by reducing their travel time to and 
from major airports 

NASA is conducting wind tunnel 
Su n ? reduction studies, oower- 
Plant development and 'light opera- 
ions research for promising V STOL 
aircraft concepts L 

Among the puielyVTQL (vertical 

takeoff and landing , research projects 
is a join* NASA-Army Rotor Systems 
Research Aircraft NASA is ^'elooma 
OL technology to increase < icopter 

si?pn f ^ anCe ' St1,e,y reliability. and 
streng.n and to reduce noise, mamte- 

Tn/ST 6 "*" 15 M vibraS 

h^ NA . SA 'Sht program with a larqe 
use n"f P ° r CH ' 53) demonstrates the 
wLenoe/r' ,eChnd °9y •" reducing 

^ ol w.coota™ in (eMer 

h a NASA r, resea ' ch en 9 inR ers and pilots 
have achieved the first fully automatic 


fnii^rf. 8 31 a prec1e!er mined spot by a 
ull-scale manner, helicopter The land- 

anco'ro f 0 COndut,ed t0 s, u> ly perform- 
ance requirements for automatic VTOL 

aircraft operations in all-weather citv- 
ccnter to city-center service 
OI1 Td, . s ddhbnuing research is aimed at 
enabling he icopters and other future 
VTOL aircraft to fly routine missions 
unde poor visibility conditions 
There have been a number of NASA 
studies on combining into one craft 
he crusing characteristics of the con- 
venfona 1 airplane and the vertical l„, 
and lancing features of the helicopter 

sep,rh A 13 ,estin 9 a tilt-rotor re- 
search aircraft in a joint NASA U S 

Army proof-of-concept flight research 
Program This t.lt-iotor concept uses 
arge rotors mounted at the wing up s 

'or vert, cal takeoff and landing ide a 

tiit !n° P *^ ncG airborne, the rotors 
It forward to piov.de cruise propulsion 

Tho f Pnven,lona ' turboprop airplanes 
he longer ranges and Irghet speeds 

COmb,ned with the 

proiTvse he,ICOp,ers show considerable 

In STOL research. NASA is experi- 
mentmg with propulsive-l,ft concepts 

to add to fhf *i f, n9 ' no s exhaust IS used 
to add to the lift normally provided bv 

H,oher?r a,rCra,t WI, ’9S and flaps 
'9 p€ ,s a *rey tc slower takeoffs 
and landings and the use of shoiter run- 
ways at smaller, more conveniently 
ocated airports The .slower term.nal- 
Tiea flight speeds also enhance safety 
and may permit bad weather f.vqht 
mm, mums to be safely lowered 



An important NASA goal is to make 
STOL aircraft good neighbors environ- 
mentally acceptable while providing 
convenience to air travelers This pro- 
gram is developing new quiet, clean, 
short-haul engine technology for STOL 
aircraft Short haul refers to 500 miles 
or less ) 

The Quiet Short-haul Research Air- 
craft QSRAi of NASA is validating 
quiet propulsive-lift technology in a 
fligh* research program The lift ca- 
pability of the QSRA is about three 
times greater than any jet transport in 
commercial operation today, while its 
noise is only a small fraction of what 
current aircraft generate 


Energy Efficiency 


Fuel costs account for some 20 percent 
of the total operating t <penses of air- 
lines As fuel prices climb aircraft 
energy efficiency— fuel economy- 
takes on increasing importance 
NASA has identified technologies 
that in coming years could cut fuel 
consumption of civil air transports in 
half Based on estimates of the size of 
the domestic commercial air fleet in 
2005, these technologies could save 
about a million bairels of fuel daily, 
helping to conserve dwindling supplies 
of petroleum and to reduce reliance on 
foreign oil Development of such fuel- 
efficient air transports will be of equal 
importance to foreign airlines, a big 
market for American-built aircraft 
Broad-scale engine tests are con- 
ducted by NAS X to determine why cer- 
tain engine components deteriorate 
and which impaired components waste 
the most fuel The objective is to have 
improved components available by 
1980 that could decrease engine specif- 
ic fuel consumption by 5 percent. 
(Specific fuel consumption refers to the 
amount of fuel used by a jet engine to 
produce a pound of thrust As specific 
fuel consumption drops, mileage climbs.) 

A number of advanced fuel-saving 
engine concepts are being examined 
Engines employing advanced te' h- 
nology are expected to be available 
for new aircraft brought into service by 
1990 A 10-percent decrease in specif- 
ic fuel consumption is estimated as a 
result of such improved engines 
The application of NASA advanced 


Quiel Short haul 


aerodynamic design and electrical 
control systems to aircraft could reduce 
fuel consumption by 15 to 20 peicent 
For example, flight tests of the NASA 
supercritical wing have indicated that 
it can increase the range of aircraft by 
some 1 5 percent 
Another aerodynamic innovation 
consists of nearly vertical airfoils, 
called winglets. at the wingtips The 
winglets act both as lifting surfaces 


and to i educe air drag. 

Substantial additional fuel savings 
are available through development of 
controls technology NASA has made 
significant progress with its fast-actna 
computer-coordinated flight control 
system called digital fly-by-wire The 
rapid response of the system can sig- 
nificantly increase aircraft stability and 
damping which in turn reduces struc- 
tural loads and aircraft weight 
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Oru 1 problem of traveling „t high 
speed* occurs in the boundary layer 
the thin sheet et an that flows along 
the surfaces of the wing fuselage, and 
tail of an airplane The boundary layer 
changes from laminar (smooth) to tur 
buleni, creating Inchon amt drag that 
waste fuel 

Laminar flow control provides the 
gieaiesi potential toi fuel conservation 
hut would require some radical 
changes in aircraft design Estimates 
of tuel savings range from L’O to 40 
percent, depending on the extent of 
application and tin' an plane s design 
range 

tin' laminai flow control concept 
calls for removing the turbulent 
boundary layer by sucking some el (he 
an inside through many tiny apertures 
and thus maintaining smooth tlow 
act oss and around the aircraft s sur- 
face 



Using composite matei tals rathei 
than metal alone can decrease aircraft 
structural weight by about 2b percent 
reducing fuel consumption by 10to 1 b 
percent Many composite materials 


lie not i 'nly lighter but stronger 
NASA research activities will provide 
design and manufacturing uata and 
will demonstiate the durability et com 
posite materials in a flight evaluation 
program (Composites consist ol hla 
ments vif boion oi giaphite arrayod in 
an epoxy, potymide. oi aluminum 
matr ix ) 

M 1 hk mi high-speed tuibopiops have 
the potential lot 20 percent fuel sav 
ini)s compared to modem turbofan 
engines NASA is developing the tech 
nologv to demonstrate that futuie an 
ci all powered by advanced tuitx>pro(>s 
will Ih> comtortable. guiel Iasi and 
economical to operate 


High Portormanco 


NASA studies and research are ad 
dressing the trx'hnelogy needs ol both 
supersonic and hypei sonic cause (light 
toi Potential military and civil applrca 
lions Other studies address future 
Mige cargo concepts and lightoi-than 
•in vehicles 

One desig innovation is the anti- 
mmetiical wing This wing crosses 
’ Plane s fuselage at a right angle 
1 * .luvtt and landing amt pivots to 

eioss the body diagonally for hign 

siycM flight Pri'limmary studies mdi- 
eato the wing would enable an airplane 
''deiate more quietly and use less 
uel than current delta-wing tels dunng 
i.ike ('ll and landing and at cruising 
altitudes of ao.iXX'' lent At supei sonic 





CvMViVt 


SIX vos up to Mach t an antisynrmel 
ncallv winged plane would not produce 
a ionic boom on the ground 
An unmanned, supersonic leseaich 
aircraft called HiMAT toi Highly 
Maneuveiable Aiiciaft Tivhnologv 
will pie view I he poiformance ol future 
tighlei plain's in transonic maneuvers 
li sts with this t adio eontiolled NASA 
US Ah f nice research aircraft will 
enable US lighters ol the tPHOsand 
HX'Os It' substantially outpeitorm lw 
day s most modem dog fighting 
airciatt 


Aircraft Operations 


the NASA Terminal Contigmed Ve 
hk'lt' ami Avionics Program uses a 
Hoeing /dr aircraft in research on 
present and futuie aupott environ- 
menis the progiam is studying more 
efficient and quieter an paihs in and 
01,1 " f an port It rminal aieas and is in- 
vestigating aircraft performance ie 
quuements autt'malic systems anti 
displays to mimmi/e pilot workloads in 
anpoit aieas The program is pail oi 
lht> efforts to provide txMtei public 
ti msportation servict's by st >l vnuj such 
problems as aircraft noise, aiiw.g and 
anpoit congestion and the lack t'l all 

wealht'i opeiationscapabilitii's 
NASA scientists are investigating 
systems to warn pilots of two invisible 
menaces cl eai an tur bulonco and 
hailing vortices (spiralling winds that 
bail, often a mile or more, from the 
wing tips t'l aircraft) All types of an 
ci all generate trailing voitices but 
heaviei aircraft produce the strongest 
ones 



I ih'hiv I IlK ienl 


Foi the present, the FAA requires .1 
spacing between large and small 
aircraft approaching terminals for land- 
in 0» The spacing allows lime for cioss- 
wiiuis to bieak up the trailing vortices 
but ii also slows flight operations and 
conti ibutes to passenger delays caused 
by airport congestion NASA through 
wind tunnel and othei experimental 
lechruques is investigating concepts 
to reduce the strength of the wake 
vortices which would allow closer an- 
cratt spacing to take place and induce 
delays 

Clear air turbulence is caused by 
naturally occurring tempestuous air 
currents These can unexpectedly add 
bumps to an aircraft s and passenger s 
ride even though the sky is cloudless 
NASA is testing systems that detect 
dent air turbulence ahead of the air- 


cialt With such eaily warning airline 
pilots can avoid the turbulence 


General Aviation 


Obiectivos of the NASA General Avia- 
tion Research and Technology progiam 
include providing new technology f or 
•mprovements in safety and efficiency 
reduced environmental impact, and to 
insure generally that an adequate base 
of new technology will support con- 
tinned growth in the utility of light air- 
planes These efforts encompass re- 
search in aerodynamics, propulsion, 
avionics, tralfic advisory systems, 
crashworthiness, noise abatement, 
emission reduction, and stall spin 
prevention 


In these and many other activities 
NASA continues to improve air trans- 
portation for the benefit of the tiavelei 
shipper opeiator and others whose 
lives are affected by the airplane 


NASA House Organ 


NASA Activities, published monthly 
at NASA Headquarters for its em- 
ployees agency- wide, is for sale to the 
public by the Superintendent of Docu- 
ments U S Government Printing Of- 
fice Washington. DC 20402. at an 
annual subscription rate of Si 1 55 
domestic. $14 45. foreign Price per 
single copy is $1 . domestic. $1 25, 
foreign back issues are not available 


NASA Mailing Lists 


l-or budgetary reasons, the only regu- 
lai mailing lists maintained by NASA 
are for news media which have re- 
quested they be sent NASA material 
and regular mailings to educators 


Naming Of Astronomical Features 


By international agreement, the naming 
ot lunar and planetary features is the 
•esponsibiiify of the International Astro- 
nomical Union. 21 Beneluxaan Utrecht 
The Netherlands Proposals for name 
changes should tie submitted to IAU 


Miscellaneous 


Unidentified Flying Ob/ects 

NASA s relationship to UFOs is to 
place under laboratory analysis and 
leport on any physical evidence of 
then existence submitted from credible 
sources NASA has no pictures files 
or sighting reports and is not conduct- 
ing „ continuing UFO investigation A 
number of pnvate groups devote full 
time to aerial phenomena research 



Two of them are The Center for UFO 
Studies 1609 Sherman Avenue Evans- 
ton IL 60201. Dr J Allen Hynek. d. 
/octor. and National Investigations 
Committee on Aerial Phenomena 
(NICAPl 6102 Del Ray Avenue. Wash- 
mgton. DC 20014 Alan N Hall director 

Congressional Space Medal of Honor 

On September 22 1978. six astronauts 
weie awarded the Congressional Space 
Medal of Honor, the first such medal 
awarded by the United States The 
recipients wen* Neil A Armstrong 
Frank Borman. Charles Conrad Jr 

®®« n * * Alan B Shepard. Jr . 
and Virgil | Grissom (posthumous! 
Authorized by Congress in 1969 the 
award is given to any astronaut who 
in the performance of his duties has 
distinguished himself by exceptionally 
meritorious efforts and contributions 
to the welfare of the Nation and of 
mankind Presentation of the medals 
by President Carter was at Kennedy 
apace Center. FL Oct 1. 1978, 20th 
anniversary of the founding of NASA 
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The Bermuda Triangle 

NASA Aircraft and satellites have pho- 
tographed this general area of the 
Atlantic Ocean; however, the agency 
has not been assigned the task ot in- 
vestigating information on the subiect 
may be obtained from: Chief of Infor- 
mation OIN Office of the Chief of 
Naval Operations. The Pentagon 
Washington. DC 20310 

The Shroud of Turin 

NASA has not been directly involved 
in research or. the Turin shroud For 
information on Jet Propulsion Labora- 
tory participation in studies of the arti- 
fact, please address inquiries to Pub- 
lic Affairs Officer. Jet Propulsion 
Laboratory. 4800 Oak Grove Drive 
Pasadena. CA 91 103 

Cape Kennedy Name Change 

Shortlyafter President Kennedy s assas- 
sination in 1963. the names of both 

MAQA nd t fn y Cape Canaveral) and the 

imasa installation were changed to 
Cape Kennedy and NASA John F Ken- 
nedy Space Center, respectively Flori- 
dians. stating they meant no disrespect 


to the memory of the fallen President 
'Pit the Cape s original name should 
be restored— the name it was given by 
explorers who discovered 
i in 1513 The Florida legislature made 

ho m qT ° ' Cial M,ly 29 ’973 and 
the U S Interior Department s Board 

of Geographic Names took the same 
action the following October NASA s 
Kennedy Space Center is not located 

Pn S" averal (whlch ,s b*t" of 
the USAF Eastern Test Range) but on 
nearby Merritt Island 

Satellites and Wcathei Conditions 

There is no evidence to support a be- 
lief held by some that satellites affect 
weather conditions on Earth 


Ownership of the Moon 


By international agreement the lunar 
surface is considered to be the property 
of all mankind, not of any one nation 
Thus, it is not possible for individuals 
to lease or purchase acreage for pri- 
vate use through their own or olher 

governments 

The treaty, which binds the United 
btates and over 50 other countries 
provides that Outer space, including 
the Moon and other celestial bodies 
-s not subiect to national appropriation 
by claim of sovereignty, by means of 
use or occupation or by any other 
means 

This country has on six occasions 
placed its flag on the lunar surface 
This act was intended as a symbolic 
gesture of national pride in achieve- 
ment and not as a claim of sovereignty 

Lost Day in Time 

thmNA9A° ' r '-" h ,0 lhG recumn 9 story 
hat NASA uncovered a lost day in 

the movement of the Earth Althouqh 
planetary positions are used to help 
determine spacecraft orbits, we have 
been unable to learn of any computa- 
tions in the space program which re- 
vealed a lost day as has been re- 
ported in a number of places 

Memorial to Deceased Spacemen 

A memorial to 14 deceased American 
and Soviet spacemen was placed on 
the Moon in August 19 71 The memo- 
rial consisted of a plaque and a small 


figure representing a fallen astronaut 
Names of Americans and Russians 

were ° n ^ Plaque a,a Pbabetically. 

Charles Basset! 

Panel Belyayev 
Rogei Chaffee 
Georgiy Dobrovolskiy 
Theodore Freeman 
Yuri Gagarin 
Edward Givens 
Virgil Grissom 
Vladimir Komarov 
Viktor Patsyev 
Elliot See 
Vladislav Volkov 
Edward White 
Clifton Williams 

Astronaut Dav.d R Scott who placed 
i' » momoi utl on the Moon dur mg the 
Apollo 15 mission remarked Many 
people have contributed to this pm- 
nacle we ve reached and we know of 
|14 individuals who contr touted all they 

Safeguarding of Satellites 

All NASA satellites carrying nuclear 
material are designed for reentry with- 
out tlu* release of radioactive matter 
Only one Nimbus 3 launched in 1969 
is still in orbit where it is expected to 
remain indefinitely 
Nimbus 2 aborted at launch and its 
utonium-238 package was recovered 
rnneers 6 and 7 and Voyagers 1 and 2 
will leave the solar system. Apoltos 12 
and 14 through 1 7 left nuclear pack- 
et 0 " the lunar surface; Vikings 1 
nnd . placed packages on Mars and 
he intact Apollo 13 Plutonium con . 
amer sank several thousand feet in 
the Pacific Ocean 


Transfers of Aerosp.ce Technology 

Aerospace technology is accomplish- 
ing things that otherwise could not be 
done economically or per haps not 
done at all This is occurring in global 
^mumcations navigation oceanog- 
raphy. meteorology geology astron- 
omy and, of course, exploration of the 
solar system 

At the same time, the pursuit of aero- 
space goals generates innovations in 


virtually all fields ot science and tech- 
nology Such innovations help stimu- 
late progress m many areas that often 
are not even remotely related to the 
original projects 

So thoroughly have aer ospace tech- 
nology transfers pervaded our lives 
that the many benefits attributable to 
the stimulus of the space program are 
difficult to measure in then entirety 
However an economic study recently 
traced the spinoffs from four NASA 
projects m order to evaluate (he bene- 
fits to the national economy from 
secondary applications of aerospace 
technology Tins sludy estimated that 
the secondary benefits in these four 
areas alone will return almost $7 bil- 
lion lo the economy by the early 1980s 
Results of the study are summarized 
below 

Integrated circuits 

Developed for satellites, communica- 
tions and other space uses Now used 
m TV sets automobiles and hundreds 
ot industrial and household products 
It is estimated that the improved tech- 
nology will return over $5 billion from 
1963 to 1982 

Insulation tot cryogenic uses 
The cryogenics (ultra-low temper aiurel 
industry erupted as a direct result of 
liguid gases needed for rocket pro- 
pulsion and life support in space To- 
day hospitals and steel mills are among 
dozens of beneficiar ios that store and 
use liquid oxygen, nitrogen, helium 
and other frozen gases Estimated 
benefits over $1 billion by 1983 

Structural analysis compute i program. 
Developod originally lo holp design 
more efficient space vehicles, this 
NASA program today is used to help 
design railroad tracks and cats, auto- 
mobiles. bridges skyscrapers and 
other structures Use of the program 
yields about a 60 peicent improvement 
m predicting the behavior of stressed 
parts and a two-thirds cut m calculation 
time The program is expected to re- 
turn more than $700 million in cost 
savings from 1971 to 1984 

Gas turbines 

Initially developed tor jet-engine air- 
craft. but widely spun off to electric- 
power generation plants, these tur- 
bines will effect low-cast savings of an 


estimated $111 million between 1969 
and 1982 

Some ot the thousands ot transfers 
of aerospace technology are listed 
below 

Health Services/ Rehabilitation 

• Rechargeable Heart Pacemakers 
using nickel-cadmium battery 
technology 

• Composite materials used tor light- 
weight limb braces 

• Open-celled polyurethane-silicone 
plastic foam 

• Mobile automated metabolic an- 
alyzer ust'd to measure energy ex- 
pended by orlhotic-equippod 
patients 

• Mercury-zinc battery technology 
used tor heart Pacemaker 

• Artificial hand with triQger finger 

• Control switch operated by eye 
movement- allows paralyzed pa- 
tient to control TV set, book page 
tin net. bed position, lights, etc 

• Hand physiotherapy device 

• Electromechanical simulator 

modules 

• Horizontal shower used foi bed- 
ridden patients 

• Portable laminar airflow surgical 
clean room 

• Heat pipe applications used for treat- 
ing hemorrhoids, malignant tumors, 
and cervicitis 

• Papot money identifier foi the blind 

• Toxicological effects of polyvinyl 
chloride (PVC) plasticizers 

• Cardiac care systems foi emergency 
rescue vehicles 

Environmental Quality 

• Carbon monoxide monitoi -com- 
mercialized as an pollution monitor 

• Hazardous gas analyzer adapted 
tor use on automobiles 

• Coal desulfurization process 
adapted from Lunar Module rocket 
engine test facility 

• Contamination prevention handbook 

used by compressor manufacturers 
for inhouse pollution control 

• Remote sensing of air pollutants 
used worldwide 

• Computerized image enhancement 
used to measure quality of water in 
inland lakes and streams 

• Fan noise reduction method used 
to design inexpensive acoustic 
panels 


• Apollo Program Quality Assurance 
Specifications— offered by General 
Electric as part of consulting ser- 
vices tor utilities seeking nuclear 
power plant licenses 

• Pyr» lytic synthesis < f .i itivated u 
bon used to increase iaw sewage 
settling rates by 100-fold in Orange 
City, California pilot plant 

• Satellite photos used foi making 
more accurate maps of remote aieas 
such as swamp lands 

Petroleum and Gas 

• Heat pipe technology developed for 
Skylab. Space Shuttle, and un- 
manned satellites used in the con- 
struction of the Alaskan Pipeline 

• Infrared scanner and television dis- 
play-used for maintenance inspec- 
tions .il petrochemical plants and 
refineries 

• Hot tapping method for pipes— used 
by American Oil Co to repair pipes 
and valve leaks 

• Multiplexer c ’cuit for Saturn 
rocket— used tor remote data acqui- 
sition and control systems for oil 
and gas pipelines and oil field pro- 
duction equipment 

• Apollo Guidance Computer Soft- 
ware adapted for use in control 
systems for oil field production and 
oil and gas pipelines Used by over 
30 major oil and gas companies 

• Reliability and quality assurance 
methods basis tor improved assur- 
ance by federal government and in- 
dustry that offshore oil and gas wH 
be produced safely and with mini- 
mal pollution 

• Cryogenic transfer system cooldown 
for nuclear rocket engine— used by 
Chicago Budge and Iron Co to de- 
sign piping systems at most large 
liquid natural gas import ter minals 

in U S 

• Nondestructive testing training 
manuals— used by Mobil to train 
new employees in maintenance in- 
spection procedures for refineries 

• Lubrication handbook used to solve 
special lubrication problems— all 
major oil companies have ordered at 
least one 

• Combustion analysis computei - 
used by Phillips to generate chemical 
equilibrium composition tables for 

all combustion research projects 

• Systems safety technology- used to 


prepare successful proposal for the 
Department of Interior for Alaskan 
Pipeline safety project resulting m 
$18 million contract award 

• Computer program translating guide 

used by Shell to convert approxi- 
mately 500 programs for new compu- 
ter and by Mobil Oil for same 
pur pose 

Education 

• Curriculum supplements in mathe- 
matics. physics, chemistry, space 
science, physical science and space 
biology 

• Soldering school for electronic 
components 

• Planetary celestial globe— illustrates 
interplanetary motion 

• Hybnd computer used by medical 
students 

• Phonocardiogram simulator module 
used by nursing students 

• Component degradation analysis 
techniques course 

• Methods for using optical 
instruments 

• Computer program translating gun 

• Optical alignment training manuc. 

• Sanitary techniques in food 
processing 

• Hazardous materials safety 
handbook 

• Reading instrument for the blind 

Transportation 

• Highway grooving for airport run- 
ways and highways-greatly reduces 
accident rate on wet highways 

• Apollo guidance computer software 
used by Los Angeles to control traf- 
fic lights in 9-mile square South 
Bay area 

• NASTRAN | NASA Structural Anal- 
ysis Program)— used by Ford and GM 
for design analysis and by Pullman 
Standard in design of new railroad 
cars 

• Saturn 1 1 B system development 
breadboard facility— used by Chrys- 
ler to develop new products and for 
new car & truck testing 

• Combustion analysis computer pro- 
gram-used by GM in combustion 
research on auto and aircraft engines 

• Statistical procedures to analyze 
noise test data from automobile 
steering systems 

• Tires for Apollo 14 Mobile Equip- 


ment Transporter-Goodyear uses 
some rubber compounds in new 
automobile snow 'ires that wore 
developed for the Transporter 

• Ultrasonic nondestructive testing 
techniques -used to detect flaws in 
railroad tracks 

• Apollo guidance compute) being 
tested by Southern Pacific Railroad 
for control of r ail switches and train 
movement 

• Dynamic and static modeling tech- 
niques -used by Martin Mar ietta to 
develop dynamic model for railroad 
hopper cars 

• Videotape storage and retrieval sys- 
tem-used by Southern Pacific Rail- 
road-one tape stores records from 
10 four-drawer file cabinets 

• Arc suppression techniques evalu- 
ation-used in design of rapid transit 
switch control products 

• Liquid penetration nondestructive 
testing training manuals— used to 
train and certify production line in- 
spectors at Beech Aircraft 

• Inertial navigation equipment foi 
Apollo and Lunar Module— now in- 
stalled in many commercial aircraft 

• Apollo guidance computer— used by 
nationwide travel industry in check- 
ing credit cards, personal checks, 
airline tickets, and other non-cash 
payments 

• Friction characteristics of graphite 
and graphite metal— used by B F 
Goodrich and others in company- 
sponsored research and develop- 
ment protects related to aircraft 
brakes and gas turbine engines 

• Inflatable nontippable life raft for 
recovery of astronauts now avail 
able as survival equipment for plea- 
sure boats and aircraft 

• Cooling system for astronaut space 
suits— adapted for use as galley 
refrigeration system for commercial 
aircraft 

Manufacturing/ Cot isunier Products / 
Retailing/ Construction 

• Battery powered hand tools— com- 
mercialized by Black & Decker into 
line of six cordless power tools for 
lawns and gardens 

• Aluminized mylar developed for 
ECHO satellite— adapted for use in 
making blankets, coats, ski parkas, 
sleeping bags, life raft canopy and 
various emergency reserve products 


• Apollo guidance computer soft- 
ware-used to develop computer- 
ized retail sales system used by 
Montgomery Ward, May Co . Nei- 
man-Marcus. J C Penney. Rich s. 
and many others 

• Highly reliable flashlight switch 
developed for manned spacecraft 
now commercialized 

• Composite materials data used by 
Babcock & Wilcox Co to develop 
products used in business machines 
and golf club shafts 

• Management method used bv Up- 
john Co to save substantial man 
hours in management of research 
programs 

• Safety yoke for construction work- 
ers -developed for Kennedy Space 
Center workers Insurance com- 
panies now advise use to reduce in- 
dustr lal accidents 

• Multiplexer circuit for Saturn rocket 
—used in most U S textile weaving 
mills and in many foreign countries 

• Dry lubr icant coating processes 
used by ovei 600 manufacturers, in- 
cluding GE. 'BM. RCA. Westing- 
house. and ITT 

• Intumescent fire retardant coatings 
used to coat fuel hoses, fuel tanks, 
and engme compartments on plea- 
sure boats 

• Ultrasonic nondestructive testing 
techniques-used for quality con- 
trol inspection in aircraft, steel, ra.i- 
road. and automotive industries 

• Surface finishing method for nickel 
alloys— used by Westmghousc to 
finish components for gas turbine 
electric generators 

• Fluidic controls- used to control 
automatic metalworking lathes 

• Lubricant deposition process— used 
for many products such as film coat- 
ing and brushes for electric motors 
used in car air conditioners, vacuum 
cleaners, etc 

• Specification guidelines for hvbrid 
microcircuits— used by Bell & Howell 

• Fracture toughness tests- used by 
Aluminum Company of Amor ica to 
provide fracture toughness guarantee 
for high strength alloy products 

• Weld strength prediction method- 
used by Kodak chemical plant to 
eliminate hazard of ruptunng pipes 
that contain chemicals 

• Cryogenic data handbook used to 
design low temperature construc- 
tion projects such as liquid natural 


gas storage facilities and refrigera- 
tion systems for freezing loose 
ground in preparation tor excavation 

• 1 usr n t ft h i m nflanv 

mable clothing and structures 

• Geodesic structure design program 

used to design commercial geo- 
desic structures 

• NASA program evaluation and re* 
view technique -used for project 
scheduling in construction and other 
industries 

• Chlorate candle oxygen supplv 
technology used to develop port- 
able welding torch 

• Quartz crystal oscillator for Apollo 
central timing equipment used in 
clocks and watches; accuracy to 
within one minute pei yrai 

• Combustion analysis computer pro- 
grams -used by power companies 
to design firing modifications 'or 
power plant fossil-fuel boilers 

• Digital color television display 
used by electric power companies 
as p irt of dispatch computer system 
to reduce possibilities of maior Lock- 
outs 

• Atias-Centaur control system de- 
sign principles used in control sys- 
tem for high temperature gas-cooleo 
nuclear reactors 

• Apollo piogram quality assurance 
consulting service 'or utility com- 
panies 

• NASA structural analysis program 
used for designing nuclear power 
plant that will float offshore 

• Fuel cell technology NASA needs 
have spurred private research into 
fuel cell development 

• Fusion welding workmanship stan- 
dards— used to develop weld 
methods for the Fostei Joseph 
Sayers Dam protect in Pennsylvania 

• Heat shield coating for reentry ve- 
hicles- NASA requirements have 
encouraged private development of 
heat resistant coatings for construc- 
tion materials 

• Instrumentation electronics for 
Saturn rocket— used to design a 
ground fault interrupter that will 
fit inside a standard home circuit 
breaker 

• Compuier program translating guide 

used to design foundations for 
building, such as the Sears Building 
in Chicago 

• Deployable lattice column -used 
tor stage light supports for traveling 


shows, portable power polos, etc 

• Linen shaped expio6iv< chargt 
used in demolition industry for „ 
trolled removal of buildings and 
bt idges 

• Mass flowmeters for low gas flow 
used extensively by manufacturers 
m U S . Europe and Japan toi as- 
sorted applications 

• Technique tor reducing noise in 
radio amplifiers used hy GTE and 
Sylvama in high sensitivity-low noise 
receivers 

• Apollo Program Management Tech- 
niques used by Re- kwell Interna- 
tional in production of truck and bus 
components 

• Spun metal fibers for web filters 
developed by Hydraulic Research 
and Manufacturing Co for Apollo, 
now commercially available foi many 
different applications 

• h. pe tech gy Air-O-Si 
heater by Isothermics. Inc . recovers 
waste hi at from furnace flue gas. 
inc'eases heat efficiency 8 to 10'' 

• Rogallo airfoil design used as a 
basis for design of hang gliders 

• Anti-fog compound us< d for fire 
fighters face shields, air masks, ski 
goggles, eyeglasses, etc 

Food Production and Processing 

• Weathei satellite imagery used in 
preparing daily fishery advisory 
charts for commercial fishermen in 
eastern Pacific 

• Compa ssed freeze-dried food 
used as compact emergency food 
rations 

• Fracture toughness tests- used by 
Deere to select steel for farm trac- 
tors and implements 

• Precipitation-hardened steel alloy 
for Apollo Command Module— used 
in fabricating ram-jet wind machine 
for frosf protection of orchards 

• Clean room technology— developed 
and used by Pillsbuiy and to tram 
fedeial food inspectors 

• Contamination control handbook 
used bv U S Department of Agri- 
culture USDA) Research Center in 
Louisiana to train employees 

• Microbiological handbook used by 
Kraft Co as training manual for sani- 
tary techniques in food piocessmg 
and by USDA to develop improved 
milk proa ssmg procedures 

• Eurtectic salts for low temperature 


batteries- used to develop product 
that shows whether frozen foods 
have defrosted during transporta- 
tion or stoiage 

Government and Law Enforcement 

• Saturn r ocket systems development 
breadboard facility- used lo design 
memory system tor new Post Oltice 
automated parcel sorting equipment 

• Slidell computer complex used by 
National Weather Service to forecast 
flow of rivers in five-state area 

• Apollo management control room 
used to design management control 
rooms for other government protects 

• Space simulation chamber used to 
restore water-damaged records with 
heatinq freeze drying process 

• F ireman s breathe • apparatus fea- 
tures reduced wei-jnt. increased 
duration, and simp 1, tied harness, 
also helmet mask assembly and air 
depletion warning device aie im- 
proved 

• Flammability (ests of home furnish- 
ings used by USDA to i tesign bet 
ter fire tests 

• Scientific and technical infotmatien 
management system- primary stor- 
ing and retrieving system for the 
National Criminal Justice Reference 
Service 

• Videotape stoiage and removal sys- 
tem-used by law enforcement agen- 
cies including the Royal Canadian 
Mounted Police 

• Systems analysis aiv computer 
modeling— used to develop city- 
wide emergency command and con- 
trol communications sys'em 

• High intensity aic radiatir; n soma 
adapted tor use as a poi table high 
intensity spotlight for use by police 
and fire departments «t can oper- 
ate from automobile cigarette lighter 
and is brighter than headlights of 

50 automobiles 


Note Detailed mformati an about the 
above aerospace technology transfers 
may be obtained from. 

Code KT 

Technology Utilization Office 
NASA Headquarters 
Washington. DC 20546 
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Careers In Aerospace and Related 
Fields 

Trade. Professional and 
Educational Sources 


Aeiospace and Aviation 

A Giant Leap tor Womankind Too, Na- 
tional Geographic Society. 1 7th and M 
Streets NW Washington DC 20036 
1 1973' 10C 

Airport Management— A Profession. 
American Association of Airport Ex- 
ecutives. 2029 K Street. N W. Wash- 
ington. D C 20006 1 1971) 

Aii worthy A Caieer as an A&P 

Mechanic. General Aviation Manufac- 
turers Association, Suite 1200-A 1025 
Connecticut Avenue N W. Washington. 
DC 20036 11971) 

ALPA Occupational Guides. An Line 
Pilots Association, 1329 E Street. N W. 
Washington. D C 20C04 ( 1971 ) 

Aviation Education Materials. General 
Aviation Manufacturers Association. 
Suite 1200-A. 1205 Connecticut Ave- 
nue. N W Washington. D C 20036 
(1972) 

Careers in Aerospace. American Insti- 
tute of Aeronautics ind Astronautics 
1290 Avenue of the Americas. Now 
York. NY 10019 (19711 

Careers in Aerospace Medicine and 
Life Sciences. The Aerospace Medical 
Association. Washington National Air- 
port. Washington. DC 20001 (1970) 

Flight Engineer— Fact Sheet. Flight 
Engineers International Association. 
905 Sixteenth Street. N W Washing- 
ton. DC 20006 (1971) 

Going Up! . . . A Career as a Proft s- 
sional Pilot. General Aviation Manu- 
facturers Association. Suite 1200-A. 
1025 Connecticut Avenue, N W. Wash 
mgtcn. DC 2C036 (1971) 

Help-Mate A Career Using Personal 
Flying. General Aviation Manufac- 
turers. Suite 1200-A 1025 Connecti- 
cut Avenue. N W, Washington. D C 
20036 (1971) 


Mr Aviation . A Career as a Fixed 
Base Operator. General Aviation Manu- 
facturers Association, Suite 1200-A 
1025 Connecticut Avenue N W Wash- 
ington. DC 20036 11971) 

Sky- School A Career as a Flight 

Instructor General Aviation Manu- 
facturers Association. Suite 1200-A 
1025 Conneclicut Avenue. N W, Wash- 
ington. DC 20036 11971) 

The People ot the Airlines. Air Trans- 
port Association of America 1 709 
New York Avenue. N W Washington 
DC 20006 v 1973) 

The World of Agricultural Aviation. 
National Agricultural Aviation Associa- 
tion. Suite 808. 1101 Seventeenth 
Street. N W. Washington. DC 20036 

(1972) 

Transport Career Opportunities. Na- 
tional Defense Transportation Associa- 
tion. 1612 K Street, N W, Washington, 
DC 20005 1 1972) $5 


Engineering 

Biomedical Engineering Education 
Summary Directory 1971. Biomedical 
Engineering Directory. AIBS BIAC. 
3900 Wisconsin Avenue. N W. Wash 
mgton. DC 20016 (19^1) 

Career Guidance Reprints. Society of 
Women Engineers, 345 East *7th 
Street. Now York. NY 10017 (Daies 
vary) 

Careers in Photographic Science and 
Engineering. Society of Photographic 
Scientists and Engineers. 1330 Mass- 
achusetts Avenue. N W. Washington. 
DC 20005 (1973) 

Chemical & Engineering News: Career 
Opportunities for Chemists. Employ 
merit Outlook '73. American Chemical 
Society. 1 155 16th Street. N W'. Wash- 
ington DC 20036 Rep. 'sent 
10 2/72 SI (1972) 

Chemical Engineehng and You . . .. 
American Institute of Chemical En- 
gineers. 345 East 47th Street. New 
York. NY 10017 (1970) 


Consulting Engineering A Career 
With a Future. Consulting Engineers 
Council of the USA 1155 15th Street. 
NW. Washington. DC 20005 (1971) 

Engineering: A Career ot Dedication 
and Responsibility. National Society 
of Professional Engineers. 2029 K 
Street, N W. Washington. D C 20006 
(1974) 

Engineering Guidance and Counsel- 
ing. American Society for Engineering 
Educaaon. One Dupont Circle. Suite 
400. Washington. DC 20036 1972) 

$2 50 

Engineering Technician. American 
Society for Engineering Education. 

One Dupont Circle. Suite 400 Wash- 
ington. DC 20036 (1971) 50C 

Engineers Council tor Professional 
Development. 345 East 47th Street. 
New York, NY ’0017 The following 
guidance materials are available from. 
ECPD Single copies (except whe. e 
noted) will be sent to students and 
counselors: 

After High School-What 9 i EC- 1311 969 
Do I Have Engineering Aptitude 
(EC-14- 1969 

Guidance Counselor Kit (EC-19) 1973 

$4 

Engineering: Creating A Better World 
l EC-62 1 IS 70 

New Careers in Engineering 
Technology i EC-631 1970 
Make Your Career Choice Engineering 
(EC-63) 1974 

The Engineering Team (EC-69' 1074 
Engineering Career Serier (EC-70' 
1973 

Mmonties in Engineering (EC-71 1 1974 
Accredited Curricula Leaping to De- 
grees in Engineering (EC-20) 1972 
List of Accredited Curricula Leading to 
Degrees in Engineering Technology 
(EC-21) 1972 

Industrial Engineering. The Protos- 
ona ! With a Future. The American in- 
stitute of industrial Engineers Inc . 

25 Technology Park. Atlanta. GA 
30071 (1974) 

Manufacturing Engineering. A Reward- 
ing Career. The Socie'y of Manufactur- 
ing Engineering Engineers. 20501 
Ford Road. Dearborn Ml 48128 1974' 



Mechanical Engineering. The Ameri- 
can Society ol Mechanical Engineers 
United Engineering Center 345 East 
47th Street. New York NY 10006 
(1973) 

The Metallurgical Engineering Tech- 
nician American Society tor Metals 
Metals Park. OH 44073 (1972) 

Road to Graduate School in Engineer- 
ing American Society for Engineering 
Education. One Dupont Circle Suite 
400 Wasnmgton. DC 20036 Revised 
periodically 50C 

Science and Engineering Careers- A 
Bibliography. 7th Edition. Scientific 
Manpower Commission American 
Academy for the Advancement of Sci- 
ence 1776 Massachusetts Avenue 
N W Washington DC 20036 1974) 


Team work . American Institute of In- 
dustrial Engineers, Inc . United En- 
gineering Center. 345 East 47th Street 
New York, NY 10017 1 1972) 

The Certification ol Engineering Tech- 
nicians. Institute for the Certification 
of Engineering "'"echnicians, 2029 K 
Street N W. Washington DC 20006 
(1974) 

The Engineering Technician. Ameri- 
can Society for Engineering Educa- 
tion, Suite 400, One Dupont Circle 
Washington. DC 20036 (1970- 

The Future Belongs to the Chemical 
Engineer American Institute of Chemi- 
cal Engineers. 345 East 47th Street 
New York NY 10017 1 1973) 

The Jets Program. The Junior En- 
gineering Technical Society. United 
Engineering Center. 345 East 47th 
Street. New York. NY 1001 7 

Women in Engineering Careeis. So- 
ciety of Women Engineers Untied 
Engineering Center Room 305. 345 
East 47th Street New York NY 1C01 7 
(1970) 

Your Challenge In Electrical Engi- 
neering. Institute of Electrical and 
Electronics Engineers, Inc . 345 East 
47th Street New York NY 10017 
(1972) 


Industry 

An introduction to Die Casting. The 
Society of Die Casting Engineers. 
14530 West 8 Mile Road, Detroit Ml 
48237 (1970) 

Careers in Metallurgy Matena's Sci- 
ence and Metallurgical Engineering. 
The Metallurgical Society of AIME 
345 East 47th Street. New York NY 
10017 (1974) 

Careers in Quality American Society 
for Quality Control. 161 Wdst Wiscon- 
sin Avenue Milwaukee, Wl 53203 
(1974) 

Directory ol Colleges and Universities 
Ottering Photography Instruction. 

P ™?t S,onal Pho, °9taphers of America 
1090 Executive Way, Oak Leaf Com- 
mons, Des Plaines. IL 60C18 1 1974) 

Directory of Transportation Education. 
National Defense Transportation Asso- 
ciation. 1612 K Street, N W Wash- 
ington. DC 20006 ,1972) 

Education tor Technical Writers. So- 
ciety foi Technical Communication. 
Suite 421, 1 0 1 0 Vermont Avenue NW 
Washington. DC 20005 -1970) 

Focus on the Future. Profession. 1 ! 
Photographers of America 1090 Ex- 
ecutive Way. Oak Leaf Commons Des 
Plaines. IL 60018 (1972) 

Is Technical Writing Your Career? 
Society for Technical Communication. 
Suite 421 1 0 1 0 Vermont Avenue NW 
Washington. DC 20005 (1971' 

Machine Tools American Muscles. 
National Machine Tool Builders, 2139 
Wisconsin Avenue. N W Washington 
D C 20007 (19691 

Measurement and Control Industry. 
Scientific Apparatus Makers Associa- 
tion. 370 Lexington Avenue New York 
NY 10017 (1972) 

Planning a Career in Electronics. Elec- 
tronic Industries Association. 2001 
I Street. N W, Washington DC 
20006 (1971) 


Your Introduction to Photogrammeliy, 
The Amei ican Society of Photogram- 
merty. 105 N Virginia Avenue Falls 
Church, VA 20046 1 1973) 

Youi Career in Fluid Power. The Fluid 
Power Society ( FPS). 432 East K.l- 
bourn Avenue. Milwaukee Wl 53201 
(1973) 

This bibliography was prepamd by the 
National Career Information Center of 
the American Personnel and Guidance 
Association. 1607 New Hampshire 
Avenue. N W. Washington DC 20009 
(1976) 


Science 

A Br ight Future For You as a Chemical 
Technician Manufacturing Chemists 
Association. 1825 Connecticut Avenue, 
N W. Washington. D C 20009 ( 1972) 

A Career in Astronomy American 
Astronomical Society, 2 1 1 Fit z Ran- 
dolph Road, Princeton. NJ 08540 


A Career in Ecology Ecological So- 
ciety of America. Department of 
Botany. University of North Carolina 
Chapel Hill. NC 27514 [19721 

A Careei in Metallurgy Will Extend 
Your Reach. Career Development Of- 
fice, American Society for Metals, 
Metals Park. OH 44073 (1970) 

Accredited Curricula in Chemical En- 
gineering. American Institute of 
Chemical Engineers. 345 East 47th 
Street, New York. NY 10017 (1973) 

Biological Photography -A Challeng- 
ing Profession. Biological Photograph 
ic Association. Box 1057 Rochester 
MN 55901. (1973) 

Agricultural Career s m Science. Busi- 
ness and Education. Ak-Sar-Ben-Ag 
Youth Foundation. 1 10-C Information. 
College of Aguculture. University of 
Nebraska, Lincoln. NE 68053 1974 


Careers m Biology. American InsMute 
of Biological Sciences. 3900 Wiscon- 
sin Avenue. N W. Washington D C 
20016 (1971) 


Careers Ahead in the Chemical In- 
dustry. Manufacturing Chemists Asso- 
ciation. 1825 Connecticut Avenue. 

N W, Washington, DC 20009 11971) 

Careers in Exploration Geophysics. 
Society of Exploration Geophysics. 
Box 3098. Tulsa. OK 74101 ( 1971 ) 

Careers in Statistics. Committee of 
Presidents of Statistical Societies, 
c o American Statistical Association. 
806 15th Street, N W Washington 
DC 20005 11974) 

Career Opportunities in Metallurgy 
Office of Career Development. Ameri- 
can Society for Metals. Metals Park 
OH 44073 (1970) 

Chemistry and Your Career. Amei ican 
Chemical Society. 1 155- 16th Stioet 
N W Washington. D C 20036. ( 1 970) 

Curricula in the Atmospheric Sciences. 
The American Meteorological Society 
45 Beacon Street. Boston. MA 02108 
Revised periodically 1S4) 

Directory ot Geoscience Departments. 
American Geological Institute, 2001 
M Street. N W Washington. D C 
20037 Revised periodically t$4) 

Documentary Resources lor Environ- 
ment Ecology Education (E EE)— A 
Bibliography. Institute of Environ- 
mental Sciences. 940 East No-thwest 
Highway Mt Prospect. IL 60056 
$1 50.(1972) 

Environmental Health Programs. 
Graduate Level. National Environ- 
mental Health Association. 1600 
Pennsylvania Street. Denver. CO 
80203 (1971) 

Environmental Health Technician. 
National Environmental Health Asso- 
ciation. 1600 Pennsylvania Street 
Denver. CO 80203 ( 1971 ) 

Environmental Programs in Two Year 
Colleges. National Environmental 
Health Association. 1600 Pennsylvania 
Street. Denver. CO 80203 (1971) 

Geology-Science and Piolession. 
American Geological Institute. 2201 
M Street. N W. Washington. D C 
20037 35C. (1970) 


Geophysics. The Earth in Space Amer- 
ican Geophysical Union, 2100 Pennsyl- 
vania Avenue. N W Washington D C 
20037 (1972) 

Guidebook to Defragments in the 
Mathematical Sciences. The Mathe- 
matical Association of America. 1225 
Connecticut Avenue. N W Washing- 
ton. D C 20036 Revised Periodically 
($ 1 ) 


How About a Career in Mathematics. 
The Mathematical Association of 
America. 1225 Connecticut Avenue. 

N W Washington. D C 20036 .1972 

Keys to Careers in Science and Tech- 
nology. National Science Teachers 
Association. 1742 Connecticut Avenue. 
N W. Washington. D C 20009 ( 1973' 
SI 

Microbology in Your Future. American 
Society for Microbiology. 1913 I 
Street N W Washington. DC 20006 
(1974) 

Oceanography Information Kit. Na- 
tional Oceanography Association. 1900 
L Street N W Washington. DC 20036 
(1972) ($2) 

Physics as a Career. American Insti- 
tute of Physics. 335 East 45th Street. 
New York. NY 10017 (1970) 

Post -Secondary Curriculums in En- 
vironmental Technology. National Sani- 
tation Foundation. Box 1468. Ann 
Arbor. Ml 48106 (1971) 

Preparing lor a Career in Ocean- 
ography. Scripps Information of Ocean- 
ography. PO Box 109. La Jolla. CA 
92037 

Programs ot Training and Education in 
Environmental Technology. National 
Sanitation Foundation. Box 1468 Ann 
Arbor, Ml 48106 (1972) 

Science and Engineering Careers. 
Scientific Manpower Commission. 
American Association for the Advance- 
ment of Science. 1 776 Massachusetts 
Avenue. N W Washington. DC 20036 
(1974) 


Test Yourself in Science. Scientific 
Manpower Commission. American 
Academy for the Advancement ot Sci- 
ence 1 776 Massachusetts Avenue. 
NW Washington. DC 20036 (1971) 
$1 

The Challenge ol Meteorology. The 
American Meteorological Society 45 
Beacon Street Boston. MA 02108 
(1971) 

The Environmentalist. National En- 
vironmental Health Association. 1600 
Pennsylvania Street. Denver. CO 
80203 (19731 

The Sphere of the Geological Scientist. 
American Geological Institute. 2001 
M Street. N W Washington. D C 20037 
(1970) (404) 

Undergraduate Environmental Health 
Curricula. National Environmental 
Health Association. 1600 Pennsylvania 
Street, Denver. CO 80203 (1971) 

You'll Need Math. The Mathematical 
Association of America. 1225 Connecti- 
cut Avenue. N W. Washington. D C 
20036 i 1971) 

Additional Sources ol Information 

Engineering Manpower Commission. 
345 East 47th Street. New York NY 
10017 

National Aerospace Education Associa- 
tion. Shoreham Building 806 15th 
Street NW Washington, DC 20005 

Federation of American Supporting 
Science and Technology. 1 785 Mass- 
achusetts Avenue NW, Washington 
DC 20036 

National Aeronautic Association. Room 
610. 806 15th Street. N W. Washing- 
ton. D C 20005 

Aerospace Youth Council. 1 785 Mass- 
achusetts Avenue. N W. Washington 
DC 20036 

Aerospace Education Foundation. 

1 750 Pennsylvania Avenue. N W 
Washington. D C 20006 

Aviation Technician Education Council. 
PO Box 51 133. Tulsa. OK 74151 
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Aviation Distributor:, and Manufac- 
turers Association. 1 900 Atch St, eet. 
Philadelphia. PA 19103 

Government Sources 

Occupational Outlook Reprint Ser- 
vices. U S Department of Labor 
Bureau ol Labor Statistics. Washington 
DC 20402 

Aircraft. Missile and Spacecraft. #123. 
25C 

Livil Aviation. #138 35C 
Engineers. #63 30C 
Environmental Scientists. #64. 30C 
Physical Scientists. #67 30C 
Technicians #68 30C 

Federal Careers for Technicians in 
Engineering and Physical Science. 

US Civil Service Commission. 1900 
E Street, N W. Washington. D C 
20415 1972) 

Career Materials. Department o' Trans- 
portation Federal Aviation Administra- 
tion. Office of Information Services. 
Public Information Center 800 Inde- 
pendei ,ce Avenue. S W Washington 
DC 20591 

Learning About Space Careers. NASA. 
U S Government Printing Office. #EP- 
32. Washington, D C 25C 

An • Traffic Controllers — Special Breed. 
Federal Aviation Administration. 
Washington National Airport, Wash- 
ington. DC 20001 (1971) 

25 Technical Careers You Can Learn 
m Two Years or Less. Career, U S 
Department of HEW Office of Educa- 
tion. Washington. D C 20202 

Careers for Women as Technicians. 

U S Department of Labor. Women s 
Bureau. Washington. DC 20210 

Career Education in the Environment— 
A Handbook. Superintendent of Docu- 
ments. Government Printing Office. 
Washington. D C 20402 1 780-0892 
1972 (S3) 

Publishers 

Alumnae Advisory Center. 54 1 Madi- 
son Avenue. New York, NY 10022 


B iiai B nth Career and Counseling 
Services. 1640 Rhode Island Avenue 
N W Washington. D C 20036 

Careers. Inc . Box 135 Largo FL 33540 

Chronicle Guidance Publications. Inc . 
Moravia, NY 13118 

Dodd. Mead, and Company. 79 Madi- 
son Avenue, New York NY 10016 

J G Feijuson Publishing Company 
6 North Michigan Avenue. Chicago, 
IL60L 2. 

Julian Messner. 1 West 39th Street. 
New York. NY 10018 

William Morrow & Company Lothrop 
Lee and Shepard. 105 Madison Ave- 
nue, New York. NY 10016 

Richards Rosen Press. Inc.. 29 East 
21st Street New York. NY 10016 

Science Research Associates. Inc.. 

259 East Erie Street. Chicago IL 
60611 

Vocational Guidance Manuals. 620 
South Fifth Street. Louisville. KY 
40202 


Business and Industrial Sources 

Can I Be a Technician? Let's Find Out. 
Public Relations Staff. General Motors 
Corpoiation, Detroit. Ml 48202 

Can I Be an Engineer 9 Public Relations 
Staff. General Motors Corporation 
Detroit. Ml 48202 (1972) 

Can I Be a Craftsman?. Public Rela- 
tions Staff, General Motors Corpora- 
tion. Detroit. Ml 48202 

Whats it Like to be an Engineer?. 
Educational Relations. General Elec- 
tric Company. Ossining, NY 10562 
(1972) 

What s it Like to be a Technician?. 
Educational Relations. General Elec- 
tric Company. Ossining. NY 10562 
(1972) 

Aerospace Education. Aero Products 
Research Inc . 11201 Hindry Avenue. 
Los Angeles. CA 90045 


Pipei Air Science Education and Col- 
lege in the Clouds. Aero Products Re- 
search Inc . 1 1201 H ndry Avenue 
Los Angeles CA 90045 

Sperry s There and It s a Cold Cruel 
World. Sperry Flight Systems. P O 
Box 2 1 1 1 . Phoenix A Z. 85036 

Your Future at Grumman. Grumman 
Aerospace Corporation Bethpage. 

NY 11714 

Your Career in the World of Bendix. 
Bendix Corporation. Bendix Centet. 
Southfield. Ml 48076 

Its Your Turn. Fairchild Industries. 
20301 Century Blvd Germantown 
MD 20767 

Tech-Notes. Singer Company. Kear- 
fott Division 1150 McBride Avenue. 
Little Falls. NJ 07424 

Blueprint lor Future. Vought Systems 
Division— LTV Aerospace Corporation 
P O Box 5907. Dallas. TX 

Careers in Aerospace. The Boeing 
Company. P O Box 37073 M S 1 1-48. 
Seattle. WA 98124 

Aviation Education Materials. Beech 
Aircraft Corporation, Education De- 
partment, Wichita. KS 67201 

Aviation Eo'ication Programs. Cessna 
Aircraft Con oany. PO Box 1521 
Wichita. KS 67201 


Employment Fact Sheet NASA 


General Information 

1 Types ot Vacancies 

Generally, there is a continuing need 
for typists and stenogi.ipheis in addi- 
tion to entry-level (GS-5. 7. and 9) 
engineers physical scientists, and 
mathematicians Although NASA has 
some positions primarily supporting 
various management and administra- 
tive programs, vacancies are relatively 
limited in these areas 

2 Where Vacancies Occur 
NASA employment opportunities at 
NASA Headquarters in Washington. 



D C and at its field installations 
throughout the country are limited 
Numbers and types of personnel 
needed fluctuate There are generally 
more positions to be filled at NASA 
field installations than at NASA 
Headquarters particularly for entry- 
level science and engineering posi- 
tions Opportunities for overseas em- 
ployment are extremely rare 

3 Qualifications 

Specific qualifications vary with the 
many occupational areas To be eli- 
gible tor urofessional positions related 
to engineering physical science, 
mathematics, and the life sciences an 
applicant must have at least a bach- 
elor s degree in an appropriate field 
from an accredited college or 
university 

4 Citizenship 

Employment in the Federal service of 
the United States is restricted by Presi- 
dential Executive Order to citizens 
except in those casc„ where the non- 
citizen possesses unusually valuable 
technical or scientific knowledge or 
experience not obtainable from a U S 
citizen 

5 Competitive Service 

Positions in NASA are in the competi- 
tive civil service For ail such positions 
applicants must have competitive civil 
service status or be within reach on an 
appropriate Civil Service register 
Further information may be obtained 
from your local Federal Job Informa- 
tion Center 


tobs may be obtained from your local 
Federal Job Information Center 

7 Part-Time Employment 
Part-time positions are limited in num- 
ber and the opportunity for such em- 
ployment varies from installation to 
installation 

8 How and Where to Apply 

To notify them of your interest in em- 
ployment a completed Personal Quali- 
fications Statement (Standard Form 
171) should be sent directly to the 
Personnel Office of the NASA installa- 
tion at which you desire employment 
if more than one location is accept- 
able send a separate application to 
each Standard Form 171s may be ob- 
tained at any U S Post Office or Job 
Information Center Applicants who 
are not current or former Federal em- 
ployees eligible for transfer or rein- 
statement must establish basic eligi- 
bility for employment consideration 
through competitive examination 

9 Detailed Information 

We do not publish a list of vacancies 
Specific information concerning sal- 
aries. vacancies, conditions of employ- 
ment. etc should be directed to the 
Personnel Office at the installation at 
which employment is desired 

10 All qualified applicants will receive 
consideration for employment without 
regard to race, color, age. religion, sex 
or national origin 


6 Summer Employment 
Throughout NASA there are limited 
numbers of short-term summer posi- 
tions in many areas of work Clerical 
jobs such as clerk-typist, clerk- 
stenographer. and clerk-admimstrative 
aid in grades GS-1 through GS-4 do 
not require a degree, and applications 
for the required written exam must be 
sent directly to the Civil Service Com- 
mission. generally before the begin- 
ning of the calendar year Subprofes- 
sional. technical or nonclerical jobs in 
grades GS 1 through GS-4 require 
college study or experience in specific 
occupational fields, and jobs in special- 
ized positions in grades GS-5 and 
above require at least a bachelor s de- 
gree Additional information on summer 



"That's One Small Step 
tor a Man. 

One Giant Leap 
lor Mankind" 

First words of Apollo 1 1 Commander 
Neil A Armstiong when he 
became the first human to step on 
the surface of the Moon -July 20. 1969 
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Material in EP-1 55 was compiled from 
NASA sources and edited by Ralph E 
Gibson. LFF-3, NASA Headquarters. 
Washington. DC 20546 
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